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IIITEODU'^TION. 

Protabl^'  no  branch  of  llectrlcf?.!  Engineering  has  developed 
so  rapidlv  in  the  last  ten  years  as  has  the  generation  and 
dlstritution  of  '-.igh  voltage  alternating  ci.irrent.    T'.as  has 
"been  so  raold  that  the  existing  literaVare  and  data  on  the 
subject  are  v;idely  scattered.     This  is  particularly^  true  of 
the  sritohing  equipr.ent  Thieh,rhile  it  is  in  one  sen^e  of  the 
v.-ord  an  incidental,  is  .still  of  great  ir.rportance  to  the  success- 
ful operation  of  a  generating  station. 

It  is  a  veil  KnoT:n  fact  that  the  .-onditions  affecting 
the  \-arious  problens  connected  ^-ith  high  voltage  srit'-^hing 
are  vridely  different  and  an  effort  to  state  definite  rules  rill 
be  useless.     Therefore  re  shall  not  be  at>le  to  suggest  any 
particular  equipment  fo:--  a  plant  as  no  standard  has  been  reaehdd 
In  this  part  of  the  design;  still  it  is  hoped  that, by  pointing., 
out  sorae  of  the  advantages  an"  disadvantages  of  some  of  the 
typical  eGuiT)ments  rhich  re  have  found  in  c"peration,re  r.\e^-   be 
able  to  :-:hor  the  proper  eaui"?nent  to  be  used  rhere  certain 
conditions  are  found. 

In  this  paper  it  is  assticied  that  the  generators  are  chesen 
and  located,  that  the  ^"j  stribut  jng  system  is  deterr:ined,  and  that 
the  transformers  are  chosen.    In  short  re  shall  assune  that 
there  is  a  gap  betreen  the  generators  and  the  feeders  rhich 
must  be  filled  in  by  certain  leads, bus  bars,  s'ritches.  Instrujnents 
protective  devices, and  other  apparatus.    It  is  our  object  to 
investigate  rhat  is  used  to  fill  in  this  gap  and  to  point  out 
as  far  as  -oosKiblc  the  best  ras  to  do  it. 
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1.IETK0DP  OF  OONNECTIFG  POFSR  CIROuITS. 
?'ithout  Transformers, 

Tlie  simplest  case  to  eonsic'er  is  v.-here  one  generator  1e 
RUpplyinc;  energ"'.''  to  one  feeder  thru  a  srit^^h,££  shoT'ii  in  Fie.  1, 
Plate  1.    As  the  n-amter  of  feeders  for  one  generator  increase 
a  "bus  bar  is  put  in  and  the  generator  and  each  of  the  feeders 
Is  connected  to  it  thru  a  s^ritch.    This  is  shorn  in  rlg.2, 
Plate  1. 

r/here  the  capacity  of  the  plant  requires  tvo  generators 
and  thev  are  to  be  run  in  parallel, esch  of  the  generators  and 
feeders  is  connected  to  a  bus  bar  as  indicated  in  Fig. 3, Plate  1. 
In  acldition  re  have  a  soctionalizring  sritch  so  that  each 
generator  anc"  its  feeder  can  be  operated  as  a  single  unit. 
The  ad'-'antage  of  this  r.ethod  is  that  it  is  possible  to  connect 
a  feeder  rhich  is  giving  tj:'ouble  to  a  separate  generator  and 
thus  allovr  better  regulation  of  the  rest  of  the  svstem. 

Fig. 4, Plate  l,shors  a  system  where  the  total  energ-' 
generated  can  be  ineasured  on  one  neter.    But  it  does  not  have 
the  advantage  mentioned  for  the  scheme  in  Pig. 3, Plate  1. 
It  is  often  desirable  to  have  a  duplicate  set  of  bus  bars  so 
that  one  set  can  be  cut  out  and  cleaned  rhile  the  other  carries 
the  load.     This  rould  be  necessary  '^'here  the  bus  bar  is  ex- 
posed to  dust.vrhich  if  not  removed  rould  aid  static  discharges 
s.nr    lead  to  further  trouble.     This  scheme  is  shorn  in  lag.  5, 
Plate  1,  rhere  it  can  be  seen  that  each  generator  and  feeder 
is  sup-olied  rith  a  selector  sritch  b-^  means  of  rhich  it  can  be 
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oonneoted  to  either  tus  tar.     Sectionallzinp;  s-"itori9s  are 
also  provided  for  the  rea?.on&  mentioned  in  the  ease  shown  in 
?ig.3,?late  1.     Pig. 4,  Plate  1,  shovs  the  sane  GCheine  '^'ith  a 
sllghtlv  different  arrangement  of  sv.'itohes.    A  main  switch 
is  placed  in  the  generator  lead  and  then  diseonneotlng  sv.'itohes 
are  placed  in  the  branch  leads  going  to  each  bus  car.    with 
this  arrangement  the  operator  has  tro  diff.;rent  'Kinds  of 
s?.'itches  to  manipulate  to  malve  a  change.    Korever  the  cost 
of  installation  is  lorer. 

Fig.  6, Plate  1,  shov.'s  a  scher.e  -"hich  is  used  at  the  St. 
Anthon:,''  Palls  Po'-er  Co.    There  are  three  7  50  K.?'.  generators 
connected  as  shoun.    Here  each  unit  can  be  run  Independently 
v."ith  its  ovni  feeder  or  all  units  can  be  -connected  in  parallel 
bv  means  of  -^ither  of  the  duplicate  bus  bars.    Both  busses 
can  be  connected  in  parallel  or  any  generator  or  feeder  can 
be  .'■'isconnected.     This  is, of  course,  a  special  case  ^here 
there  are  as  many  feeders  as  generators.    This  scheme  is 
practicallv  the  same  as  that  shoFn  in  Fig. 5, Plate  l.but  is 
better.     In  Fig.  5  ve   hare  a  sectionalizing  sv.^itch  and.-  in 
Pig.  7, Plate  l,r:e   here  not.    Hovvever  in  Pig.  7  it  is  seen  that 
there  are  the  same  ninrber  of  sritches  betTeen  a  generator  and 
its  feeder  as  there  are  in  Fig.  5  and  still  v^e  can  a'"'Conpllsh 
exactl3'  the  srm.e  results.    Hence  the  schem.e  shovrn  in  Fig.  5 
requires  tT'o  s'"'itches  more  than  are  necessary. 

The  schem.e  shov;n  in  Fig.  8,  Plate  1,  is  the  one  i"hioh  is 
used  by  the  Ontario  Pover  Co.    at  Niagara  Falls  on  the  12,000 


volt  feeders.    It  can  "be  seen  that  there  is  a  sinilarity 
"betTTeen  this  s-^heme  and  the  one  used  \:y   the  St.  Anthony/  Porer 
Go.    The  only  difference  is  in  the  addition  of  a  switch 
botrreen  a  generator  anc'^  its  feeder  Fhich  makes  the  latter 
s-'.^stem  more  flexible.     Since  transformers  are  fed  fror.  the 
same  bii  tar  it  rill  "be  necessary  to  leave  this  case  until  re 
take  up  plants  rith  transformers . 

In  central  stations  rhere  there  are  s   large  nujnter  of 
generators  and  fee''''ers,  as  for  instance  the  Ner  York  Rapid 
Transit  Central  station, r-'^ere  there  are  IS  gener^'^tors  and  G4 
fee'T'erSjre  note  the  use  of  a  feeder  group  srlt'-^h.     The  scheme 
is  sho7;n  in  Fig.  9,  Plate  1.    There  is  a  du-^licate  set  of  bus 
bars  and  each  generator  has  selector  sritches.    Then  re  have 
a  number  of  feeder  group  busses  each  of  ^.-^hich  is  connected  to 
the  main  busses  b-"-  means  of  group  selector  sritches.    'I'he 
feeders  connect  to  the  group  bus  thru  sritches.     In  this 
system  of  feeders  a  sub-station  is  fed  from,  different  groups 
so  that  in  case  a  cable  of  one  group  is  throrn  out  the  service 
is  continued  thru  other  feeders  from  other  groups.    Under 
normal  conditions  all  fee^'ers  operate  in  parallel  to  cut  dovm 
the  line  loss  as  Much  as  possible. 

In  ?ig.  10, Plate  l,re  note  the  schem.e  of  the  E::-oolclyn  Edison 
Co.  v'here  three  sets  of  bus  bars  are  used  rhioh  can  be  operated 
independently  or  in  parallel  by  using  the  tie  s'"itches.    Each 

generator  nas  three  selector  s""itches  and  tbe  feeders  are 
connected  to  t^^e  main  busses  thru  anyone  of  tboir  three  selector 

sritches. 


vlg.  il,pirte  1,  s^iors  the  connections  used  at  the   Brussels 
Porer  Station.     Onl^'-  one  set  of  Iras  t&rs  Is  useci  here  anr!  the 
three  siAb-st».tlons  pre  fec^   fro"  each  of  tlie  r^ifferent  sections 
of  the  tus.     This  Is  arrangec  for  continuity-  of  service  and. 
has  the  same  afivant.-.ge  in  regard  to  feeding  the  suh-statlon 
as  ras  mentioned  under  the  sohene  sho'-n  in  Fig.O, 
"''ith  Transformers. 

The  riethod  of  connecting  the  trs.ns formers  in  three-phase 
si'-s terns  has  not  been  m^ade  standard  as  yet  and  re  find  sorrie  rho 
advocate  the  rielta  Gon..eGtion  and  some  vho  favor  the  star 
con.iection.     In  general  it  may  he  said  that  it  has  heen  found 

customar-''  to  connect  the  high  voltage  side  of  a  transforr.ier 

the 
star  and  ground^neutral.  tlius  lowering  the  strain  on  the  insu- 
lation in  the  f>.^stem.    In  the  star  system,  the  higher  harm.onic 
E.LI.F's.  cannot  circulate  current  in  the  vinding  although  it 
vill  increase  the  frequenc-"-  in  the  grounding  ^"ire.     On  the 
oxher  hand,  if  the  delta  connection  is  m.ade,the  higher  hannonics 
v'ill  cause  a  curr^ent  of  higher  frecuency  thfii  that  of  the 
sijp-^lier  to  flo'-^  in  the  '-'clta  t'nis  increasing  the  core  loss. 
Where  the  high  voltage  si'"e  of  the  transformers  is  connected, 
star,  the  lov  -'oltagc  side  is  usuall"  connected  delta.   As  to 

the  r)ro-oer  m.ethod  in  this  case  ve  cannot  sa^'  but  the  general 
as 

tendency  has  beer^ mentioned.    '"'e  find  this  system  used  by 
the  latest  central  stations, v'hlch  is  an  Indication  of  its 
reliability.     Further  than  this  -e  '-ill  not  di^-uss  the 
connections  of  transformers  since  the  practice  is  standard  in  • 
other  svs terns. 
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In  the  conneoting  of  the  trs.nsforrners  into  the  ncln  pover 
oirouit  vre   ilnd,irom  studying  the  various  schemes,  that  in 
general  the  secondary  side  of  the  transformer  is  treated  as  a 
generator  for  the  fee^^ers  and  the  prinary  as  the  feeder  from 
the  generators.    A  glance  at  the  diagrams  in  Plate  2   rill 
shoF  this. 

In  the  simplest  case, re  have  a  generator  feeding  into 
the  "orimary  of  a  transformer  rhich  sends  energy'-  into  the  feeder 
thru  a  sritch.    The  generator  and  transformer  in  this  case 
comiprisc  a  sirrole  high  volt?"ige  unit  and  cost  of  operation  is 
lor.     '"his  scheme  is  shorn  An  Fig.  12.    As  the  num.ter  of 
feeders  is  increased  there  is  added  a  Tous  bar  to  the  secondary 
side  of  the  transformer  thru,  a  sritch.    This  scheme  has  teen 
adopted  h^^  the  Aurora, Elgin,  and  Chicago  Ry.  Co,    in  their  porer 
plant  at  Batavia, Illinois, and  is  giving  perfect  satisfaction 
and, as  mentioned  atove,has  the  advantage  of  lor  cost  of 
operation.    Pig.  13  si-ors  this.    In  Fig.  14  re  hax^e  a  similar 
scheme  rhere  a  sritch  is  placeo  tetreen  the  transformer  and 
the  generator, thus  increasing  the  cost  of  operation, tut  in  case 
the  sv.'itch  is  automatic  it  protects  the  generator  against 
troutle  rhich  might  arise  in  the  transformer. 

An  increase  in  the  numter  of  generators  repjilres  a  scheme 
sir.ilar  to  that  shorn  in  Fig.  15.    There  is  one  lov-- tension 
bus  tar  and  one  high-tension  tus  tar  each  of  <aich  can  te 
sectionalized  thus  r.aking  tro  independent  stations.    Fig.  16 
shors  the  condition  rhere  the  generators  have  selector  sritches 
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hy   means  of  which  th:9/-  can  be  connectec!.  to  the  tus  tars  or 
prinart'-  of  the  transformers.     The  priraary  luy  tar  need  not  be 
sectional! sed  for  the  operation  of  the  generators  and  trans- 
formers as  independent  units.    This  can  le  aocompllshed  by 
leaving  the  selector  s^'-itch  for  the  l:us  tar  open.    It  is  so 
arranged  on  the  ;-er-ondary  side  that  tvo  trsnsfor'r-rr.ers  can  be 
operated  in  parallel  and  inc'epend.ent  of  the  other  sets, simply 
by  opening  the  so'-tionaliring  s-"itch  in  the  hirh-tension  tus 
bar. 

The  scheme  :"hich  is  usee  by  the  Ontario  Pov-er  Oo.  at 
Niagara  Falls  is  shovn  in  Pig.  17.     The  generators  ha'-e 
selector  s'-itches  and  can  be  connected  to  eith^-^r  set  of  lo^"-- 
tension  biisseh  or  to  the  prinar*""  of  t":e  transformers, or  else 
8 11  three  connections  can  be  made  at.  the  sam.e  tlme,thtis  tlelng 
the  tr-o  low-tension  tus  bars  in  parallel  an'"  feeding  the  trans- 
formers therefrom.    The  transformers  are  connected  to  the 
tigh-tension  tus  bars  thj:n.i  sT-itche,s.     The  high-tension  bus 
bar  is  sectionalized  f.iiO   sunplles  the  feeders  thru  switches. 
¥e  notice  a  similarity  to  the  schem.o  in  Fig.  16,  the  onl-'-'  excep- 
tion being  the  addition  of  a  lo^- ten:-. ion  tus  bar  ^"hlch  miakes 
it  more  flexible.    Then  since  10'"-tenoion  feeders  are  su'o_:^lied 
from  the  Piagara  ntation  a  drrpllcate  bus  allows  this  part  of 
the  lov,--tension  to  be  isolated  from,  the  primary  of  the  trans- 
formers which  ma-<'-  rcc-wire  a  '''ifferent  voltage  than  that  on  the 
feeders.     Then  again,  these  generators  for  low-i:ension 
ser^/ice  norm.r  ily  can  be  connecter!  to  the  low-tension  feeder,  and 


rrhen  the  lor-tension  load  Is  lov;  can  te  made  to  "lolp  out  on 
the  urinary  sl^-'e  of  the;  transformers  ^"hen  it  Is  neees^:■ary. 

A  system  such  as  the  one  cesGr:'tec',  Is  found  to  te  the  r.ost 
flexible  one  in  operation.     It  can  l-e  o"oerater:  on  an  indivi- 
dual-plant basis, or  the  generators  can  te  otjeratc:"  in  rrrallel 
and  the  transformers  operate^  as  individual  "olants.    This 
system  aids  -^'er-"  nuoh  in  the  operation  of  svstcms  x^hieh  have 
different  Kinds  of  loads, so  that  a  feeder  having  a  lov  porer 
factor  on  v'hich  there  is  line  tr'ouhle  can  he  i-olated  from  the 
other  feeders  and  assigned  to  its  ovn  generator  thus  maintain- 
ing uetrer  service  on  the  rest  of  the  svstem. 

In  Fig. 18  the  primary  circuit  is  similar  to  thct  shovn 
in  ?'ig.lE,tut  in  the  secondary  cirr>uit  v-e  note  the  use  of  a 
selector  sritch  in  the  feeders, rhich  makes  it  possible  to 
operate  xhc  feeders  in  parallel  or  as  Independent  stations. 
The  --hole  system,  can  be  operated  as  t^-o  independent  stations. 
Assujiiing  that  little  trouble  can  occur  to  the  Iot- tension 
bus  bars  the  system  is  all  right. 

The  scheme  shorn  in  pig.  19  is  used  b^-  the  Grsjid  Rapids 
and  LaKe  ■..'ichlgan  Raili"ay  and  is  advantageous  in  respect  to 
cost  of  oper'^tion  since  no  s-'-itches  arc  used  on  the  feeders. 
All  switching  is  done  on  the  lo^"-ten5ion  side  of  the  transforiTi- 
ers. 

The  scheme  of  F'ig.'^^O  is  used  bv  the  Hudson  River  Vovrev.   Co. 
at  Cpten  Falls  ?nd  is  some-:hat  similar  to  that  In  l-lg.lG;  the 
onl^'  exce-otion  being  that  there  is  a  duplicate  set  of  high- 
tonslon  bus  i-ars  and  the  lor-tension  bus  bars  are  sectl  ■jnalised. 
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mi;thod?  of  metektnCt. 

Nor  the  rr/^thods  used  in  meaRT-.ring;  the  various  phenoraene,. 

in  the  circuits  rill  be  dealt  ^ith.    In  thif;  section  onlv 

the  situation  of  the  instrurents  ^-ith  relation  to  the  main 

cir'ults  rill  he  dealt  -1th,rhlle  the  requlrenents, location, etc. 

rill  be  treated  later.     Th3  inBtr-uments  '.^"ill  be  divided  into 

classes  ^rith  rf-gard  to  the  quantities  neasurer]  as  follors: 

Energy, 
Voltpp-e,  Current,  Povx'P,  ?re(raenc\%  and  porer  factor. 

Voltage. 
The  voltage  is  generally  rjer,su.red  by  having  a  voltneter 
perinanently  connected  to  one  phase  of  the  bus  bar.    "e  have 
seen  frora  the  previous  section  that  in  a  number  oi'  cases  tro 
sets  of  bus  bars  are  user'.     m  this  event  a  voltmeter  ma"  be 
connected  to  eac'^  set  of  bus  bars  or  a  plug  m.av  be  used  to  thror 
the  "oltneter  to  either  set  of  bus  bars  depenrflng  upon  ^Mch 
set  is  used.     This  latter  method  avoir's  Lhe  use  of  an  extra 
^'oltmieter  and  on  the  rhole  possesses  nearl"""  all  of  the  advant- 
ages of  the  first  m.entioned  sohem.e.    As  regards  the  use  of 
voltmeters  where  the  bus  is  scti onalized ,  little  can  be  said 
in  general.     Tbere  is  a  sllg'-'t  tenoencv  nov   to  tun  plants  on 
a  unit  system, but  at  present  there  are  ver^.'  fer  central  st&tions 
in  rhich  this  is  practiced.     The  Ner  Yorl^  Hdison  Go.  operate 
normallv  in  t^^o  units  and  this  would  necessitate  the  use  of 
another  voltmioter  on  the  bus  bar  provide^'  each  g.^nerator  ras 
not  pT^ovlded  rith  a  volxmeter.     The  general  pri-ctice  in 
stations  of  average  size  {P   to  5  generators)  is  t-.>   have  a 
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voltmeter  Y^hich  may  be  connsoted  on  to  p.rr'/   generator.     This 
Is  ^orobably  all  that  Is  neoesijarv  if  the  ^^oltage  or  the  Lus 
tar  is  measu.red  an'?,  all  units  are  tiecl  to  this.   Horever,  in 
sone  '"entral  stations  a  ■"oltmeter  is  permanently  connected  to 
each  generator.    This  adds  additional  equipnent  and  in  the 
majority'-  of  cases  is  not  ad^'isatle.     In  soric  oases  there  is 
provision  for  putting  the  voltmeter  on   an-"-  phase  of  the  hus  bar 
or  generator  but  this  is  oone  onl^'  to  meet  somie  "-ondition  of 
untal.'^noed  load. 

Occaslonallv  a  voltm.eter  is  ")ut   on  the  feeders  but  the 
advantage  gained  is  binall  '5here  the  ■'.'oltage  of  the  cvis   l;ar  is 
measured. 

Compensate^'  ^.-oltmeters,rhich  ri-east^re  the  voltage  at  some 
distant  point  on  the  line,  are  not  in  comr-on  use  as  they  are  not 
ver-"-  reliable.    Thci'  depend  upon  a  definite  ratio  of  the  re- 
sistance ann  inriuctance  of  the  line,  and  hence  do  not  read 
correctly  vmen  this  ratio  changes. 

Current. 

The  method  of  measuring  the  current  is  not  fo  roll  defined 
as  is  the  m.et'-iod  of  measuring  the  voltage.     To  begin  ^'Ith  the 
generators:   rre  find  it  customiai^'-  to  put  eitne''=  one  ammeter  or 
an  ammeter  per  "ohase  in  the  generator  leads;  the  tendency  being 
a  little  in  fa^or  of  the  first.    Except  in  rare  cases  only, 
one  ammeter  is  needed  in  the  generator  leads, partieularl-"-  in 
stations  of  large  size  T^here  several  m.achines  are  operated  in 
parallel.    Again  an  transmission  B■'^stems  \^here  the  load  is 
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all  taken  by  three-pliaBe  ■'^ecelverR{  Assuming  thrGe-T)hase  Gener- 
ators) the  generator  phases  are  "balB-ncec!.    A  totalizing 
anr.eter  can  be  uso^^  onl-'-  In  rare  cases.   Ko^/'ever,  where  there 
is  an  arrangenent  as  sho^n  in  Fig. 4, Plate  l,this  can  te  ri.one 
and  is  ad/'' is  able.    An  arrimeter  in  each  ohase  ^roulr]  te  used 
here  to  art-'.-fntage  ann  this  is  clone  ty  the  Lackarana  Steel  Co. 
on  their  440  volt  tus  tar. 

In  raeasuring  the  current  in  the  feer^-ers  it  is  standard 
practice  to  put  an  arameter  in  each  phase.    The  reai^on  for 
this  nay  not  ap'oear  evident  at  first  vrhere  the  energy  is  taken 
bv  a  balancer!  load  as  rotar'^'-  converters;  however  the  disturbance 
in  the  line  is  eyr)eoted  from  the  outside  and  hence  any  trouble 
on  one  'ohase  rill  be  evident  on  the  ammeters.    Ground  detect- 
ors in  this  connection  ^-^111  be  considered  later.    V'e  find 
cases, horever,rhere  onl--'  one  ammeter  is  used  in  the  feeder 
particulr.rlv  in  railray  central  stations.    An  arrangement  is 
used  at  the  La  Ohine  Ha'-^lds  PoFer  Co.  thereby  an  ammeter  can 
be  connected  in  any  phase  of  a  feeder  by  means  of  a  plug. 
The  Onterio  Pov-cr  Co.  has  an  ammeter  in  each  delta  head  of  the 
primaries  of  the  transform.ers  to  indicate  the  current  taken  by 
each  coil.    At  the  Lacka7.'ana  Steel  Go 's.  Sub-Station  there  is 
a  three  point  'olug  to  throv  three  ojirmeters  (one  per  phase)  on 
to  any  feeder.     This  enables  the  operator  to  get  the  current 
in  each  phase  simultaneously  and  tell  the  r-ondition  of  balance 
on  the  feeders. 
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Porer. 

The  measuring  of  power  is  essentiallv  done  bv  an  indicating 
or  recorf'ing  instrument,  as  the  time  element  is  not  present,  vie 

find  a  great  diversitv  in  the  use  of  these  instruments.  Fre- 
quently a  recording  instrument  is  used  in  the  generator  leads 
although  an  indicating  instrument  on  the  generator  is  advisable. 
The  question  as  to  ^'^hether  this  is  to  be  a  pol^'-phase  or  single- 
phase  instrument  depends  upon  the  conditions  but  in  nearly  all 
oases  a  pol^^n^hase  irould  be  preferable.    A  single-phase  record- 
ing instmment  rould  never  be  used  in  the  generator  leads  of 
a  polyphase  machine.     The  Ontario  Pov^er  Co.  uses  a  recording 
v'attmeter  in  the  delta  leads  of  the  trajisformter  primaries  in 
addition  to  the  ammeter  that  vas  previously  mentioned.     This 
gives  a  complete  record  of  the  performance  of  each  coil  and  is 
very  valuable.     The  use  of  porer  measuring  instruments  on 
the  bus  bars  and  feeders  is  not  com^.ion.    In  large  central 
stations  it  might  be  advisable  to  have  an  indicating  rattraeter 
to  put  on  each  feeder,v^here,in  connection  vi  th  the  ammeter 
that  is  usuall-'r  there, valuable  information  as  to  po^er  factor 
and  out-out  of  the  feeder  could  be  obtf^lned.     This  system  is 
use'-^  at  La  Chine  Rapids.     Hovever,  as  ras  stated,  it  is  not 
done  to  anv  great  e::tent.     The  Hartford,  Connectl  ou.t  i^lectric 
Light  Co.  uses  an  indicating  Instrujaent  on  each  feeder,    Fe 
find  a  great  deal  of  conftTrion  betv/een  recording  rattmeters  end 
re':-or''ing  ^att-hour  meters  in  the  descriptions  of  cerrbral 
stations  in  the  Technical  Press.   In  the  foregoing, recording 


13. 


vrattmeters  onl-^^  are  '"lealt  ^.'n.th,as  a  recording  ^."att-hour  meter 
measures  energy''  anc  not  ";ov^er. 
Ener  •-'■"■. 

Energy'  meters  are  essentially  rccorc'inc  or. better,  integrat- 
ing, as  the  tine  element  is  Jnvolvecl.     It  is  not  -onrvon  to 
put  an  integrating  rattmeter  on  the  generator, and  the  informa- 
tion gainec'  is  not  enough  to  varrpnt  its  use.    In  small 
stations  '."e  fine  it  general  practice  to  use  a  totalising  inte- 
grating ^-attmeter  to  measure  the  total  energy  rieveloped  ty  the 
station.    This  coul<^.  not  he  rone  in  large  st-">tions,ho^"ever, 
where  com--^11cated.  connections  for  the  main  circuits  a:»:-e  used. 
Fig. 4  of  Pl&te  1  sho^.^'s  a  method  used  in  the  main  circuits 
where  a  totalizing  energ^r  meter  can  he  used  vor^  ni-'clv.     in 
large  central  stations  it  is  customigTy  to  ineasi'.re  the  energ^r 
given  to  each  fe^'-'^.r  so  that  the  outpLit  of  the  i^lant  can  he 
rieterm.ined.     The  energy  consi-mied  ty  the  auxiliaries  atout  the 
station  is  usuall-""  recorded  hy  an  integrating  wattmeter. 
PrcipAenc^. 

The  use  of  som.c  Kind  of  a  de'':ice  to  c-eterrrmne  the  frequenc:r 
of  the  current  is  essential, hut  the  operation  of  t'lo  rUfferent 
trpes  of  apparatus  to  determine  this  is  ve'-y  ^'iverse.    The 
freouenci.'-  ma^''  he  determined  by  an  indicating  tachometer  or  by 
a  frequency  meter  on  som;e  part  of  the  s^'stem.  (preferably  on  the 
bus  bar,  as  this  is  nearly  alv  ays  in  use).    In  case  of  a  system. 
rhere  the  busses  are  in  du-ollcate  '-nri  either  is  not  in  use  con- 
stantly, a  switch  can  be  provided  to  coniiect  the  frequency 
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incicp.tor  to  either  tus  or  generator. 
Povor  ^aotor. 

Here  ap;Rln  there  is  no  st^.ndar'?  pr-^ctice.     It  is  eustom- 
ar^''  to  put  "'.   porer  factor  in'^'-icator  on  each  generator, partlc- 
ularlv  In  large  central  stations.    In  tinall  central  stations 
rith  an  arrangement  ay  i.i  Fig. 4, Plate  l,it  Is  custoi -eir--^  to  get 
the  po^'er  factor  of  the  Bvr;teri  o^-   -outting  an  Inc'leator  on  the 
huB  "oar.     Ocr^anionall-^  a  poirer  factor  indicator  is  :out  on  the 
fe^^der.    In  the  case  of  svnehronous  "otors  it  is  essential 
that  the  porer  factor  of  the  a-ap;olv  he  InriicatocI  tut  this  is 
usuall"""  done  at  the  r.otor  and  not  at  the  station.    As  the 
rotary  converter  is  a  synchronous  machlnG  the  sane  applies  to 
it.     ' 

Graphic  F.ecor'^^ing  Instruments. 

The  use  of  g't^aphic  recording  instruments  is  not  ver-^'-  exten- 
sive, tut  the  advantage  gained  ty  their  use  roi^ld  more  than 
compensate  for  the  eyjoense  of  their  Installation.     The  reason 
for  the  lacK  of  their  use  is  protatlv  tFofold:  first  ^he  lack. 
of  ■^ell-ble  line  except  in  the  past  for-  years;  and  second  the 
trouble  in  renlacing  the  records.    The  location  of  faults 
can  he  greatly  aided  ty   the  uze   of  such  instj'uments  as  the  con- 
dition of  all  the  circuits  is  Knovn  T'hen  the  fault  occurred. 
Thc^  are  used  extensivel':-'-  Vy   the  rTeu  York  Edison  Co.  and  the 
Ontario  Porer  Co.    The  Ont&rio  Porer  Co.  uses  them,  for  voltage 
current ,poY^er  factor, frequency, and  to  indicate  one  miinute  peaK.s. 
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MICTHODS  0?  SYNCHRO  III  ZING. 
Vfhen  tTo  or  more  generators  are  installed  in  a  central 
station,  some  means  must  te  provided  for  s-"-nchronizlng  then. 
It  is  c-astomar:'  in  central  stations  of  small  sine  to  use  a  plug 
and  one  or  ':;-ore  lamps  for  this  purpose.     This  is  done  "by 
connecting  one  phase  of  the  apparatus  to  "be  synchronized  to  the 
corresponding  phase  of  the  a'oparatus  alrear-v  ruiinlng  thn:  lamps 
and  a  plug.     The  use  of  some  st-'-le  of  synchroscope  that  indi- 
cates v.'hether  the  m.achine  "co^.ilng  in"  is  too  fast  or  too  slor 
greatl-"-  facilitates  the  oioeration,  and  is  almost  cxclusii-ely 
used  in  larger  central  stati--^ns.    The  m.ethod  of  regi.ilsting 
the  speed  of  the  generator  to  he  synchronized  is  of  considerahle 
importance.     In  steami  tiirhlnes  this  is  frefraently  done  by 
a  motor  attachmient  on  the  governor  of  the  turbine.     On  recip- 
rocating engines  a  small  m.otor  or  ■'■'eight  actuated  by  a  m.agnet 
is  used  on  the  governor.     At  the  KingsT-ridge  station  of  the 
Metropolitan  Street  Railray  Co.  the  free  air  exhaust  is  throttl- 
ed by  a  ■'oneum-aticallT.'-  operated  gate  valve  -controlled  fror^  the 
sv.'itchboard.     This  changes  the  mean  effective  pressure  in  the 
cylinder  and  therefore  the  speed.    As  nearly  all  v-ater  vheel 
governors  are  electrically  operated  it  is  easv  to  out  in  a  con- 
trol circuit  for  the  purpose  of  synchronizing,  and  v:e  find  this 
to  be  the  gener?-l  practice.     This  is  often  carrici  further 
so  that  a  unit  can  be  started  axid  stopped  from  the  .'.-".-itchboard. 
It  seemiB  advisable  that  a  s-"-nchroscope  sho^.'-ld  be  used  in 
addition  to  lamps  Fhere  there  is  much  sT-nchrcnirlng  to  be  done 
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as  it  is  difficult  to  tell  from  the  lE:nps  -hich  machine  is  run- 
ning fast  or  Blow.    Ho'-ever  lamps  are  very  satiijf aotory  in 
addition  to  the  s-'-nchroscope. 
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EXCITATION. 

The  s-'j.-ovl-'^   of  current  for  exciting  the  fields  of  the  alter- 
nators is  rr:ost  important.    Where  the  eontlmjity  of  Bervice 
is  of  vital  importance  it  neoomes  neceBsar^'  to  take  special 
precaution  in  the  manner  of  sui'plylng  this  current.    In  snail 
central  stations  the  f=uo?l-"-  is  usuall-'-  furnished,  by  one  bteara, 
anc"  one  or  i.iore  rnotor-r'.riven  exciters.     The  inoto?'- Thriven  units 
are  for  normal  service,  and  the  steai^:  u:.its  for  reserve.    In 
hydro-electric  plants  the  exciter  is  either  on  the  ;;haft  of 
the  main  ^.^heols  or  else  it  is  driven  1  ■"•  small  turhine  wheels. 
In  large  central  stations, particularlv  for  the  lighting  of 
large  c1tJes,it  is  custo-nar^-  to  put  in  a  storage  tatter-^  as  a 
reserve  for  excitation  and  contf-ol  purposes.    This  hatterv 
is  usually  Incater"  in  the  hasenent,  although  one  case  ras  noted 
^"here  it  ras  placed  in  the  gallery. 

The  motor  exciters  are  usual Iv  induction-motor  driven  and 
this  system  neoes^itj^tes  the  use  of  some  form,  of  stcirter  usually/ 
located  on  a  panel  of  the  s^-itchhoard.    As  vis  stated  in  the 
methocs,  of  "■.ctering,the  energy  used  by  the  auxiliaries  is 
usually  measured  snr!  f:e  instriment  for  this  purpose  can  be  put 
on  the  motor  panel.     The  exciter  panel  usuall^,^  accomm.odates 
onlv  one  exciter  and  contains  a  field  sv.  itch,  field  rheostat, 
a  main  srltch,and  a  volt-meter.     In  ^"''e  majority  of  cases 
the  exciter  generators  are  compound  round  and  this  necessitates 
an  eauallzer  s'"itch  if  the  are  to  be  parallelc'^.   The  usual 
practice  is  to  carr:.'"  both  exciter  bus  bars  along  behi.nd  the 
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generator  panels,  although  sorne times  only  one  Is  oarriec;  here, 
the  other  Lelng  alv/ays  in  circuit  siic"  i-o.a   in  concuit.    The 
first  inentioned  ychenie  is  preTe rattle.   Occasionally  the  exciter 
Dus  bars  are  in  d.uolleate. 

The  generator  panels  have  a  field  sT^ltoh  an--'  field  ammeter 
in  nearlv  all  cases.    The  voltage  of  the  exciter  "bus  is  some- 
tines  neasure''  by  a  voltmeter  on  a  tracket  r/here  it  can  be  seen 
from  any  generator  "oanel.     If  this  is  done, only  one  additional 
volt-m.eter  rhich  can  be  connected  to  any  (exciter  need  be 
supplied  for  puiToses  of  Pc.rallellng.     These  instrijiients  must 
be  ver'.''  accurate  because  if  an  exciter,  the  voltage  of  i"hich 
does  not  equal  that  of  the  bus  bars, is  connected  to  the  svstem, 
there  rill  be  a  surge  of  current  rhich  T'ill  cause  consld.erable 
disturbance  in  the  m.ain  circuit.    Sometimes  a  lov.^-scale  differ- 
ential volt-meter  is  so  connected  as  to  read  the  difference 
betvjeen  the  '/oltage  of  the  bus  bar  and  the  exciter  to  be  connect- 
ed thereto.    In  case  batteries  are  used  as  a  reserve, they 
are  floated  on  the  bus  bar. 
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REGULATION. 
Cnrrent . 

Current  repalation  is  confine'^"  exclusively  to  are  IJght 
circuits  ^vh^^re  a  constant  current  1b  necessary.     There  are 
tro  t3T>es  of  constant  current  regulators:  one  "being  icnovm  as 
the  constant  current  transformer  Tnac^.e  "by  the  General  Electric 
and  ""estinghouse  Coripanies,  and  the  other  being  the  constant 
current  regulator  made  I:-''  r.ost  of  the  companies  in  the  narKet. 
In  all  cases  it  is  necessarv  to  install  a  regulator  of  so!ne 
kind  on  series  arc  circuits  as  no  constant-current  alternating- 
current  generators  are  in  corm-^ercjal  operation.    This  regij.lat- 
or  ma-'-  be  Installed  in  each  circuit  or  various  cDmbinations 
msi^^   "be  obtained  to  balance  three-phase  circuits.    The  con- 
nections to  the  arc  circuits  are  ubuallv  made  thru  plug  svritches 
on  rhat  is  knorn  as  a  plug  board.    A  short-circuit  s?'ltch  is 
also  provided  for  each  clT^cuit.    It  right  be  inentloner:  here 
that  a  special  -olug  is  p-r-ovided  to  insert  an  ar.imeter  In  the 
circuit  for  the  purpose  of  the  '^heclclng  of  the  action  of  the 
regoilator.     The  regulator  if  single-phase  ma^'-  be  either  on 
the  line  side  or  generator  side  of  the   plug  sv.'itch,but,  in  case 
of  a  three-phase  regulator, it  is  always  connected  to  the  bus 
bar  by  a  seoarate  sv'ltch. 

voltage. 

In  small  stations  the  regulation  of  the  generator  on  Iotc 
pover  factor  is  "ooor,and,in  case  incax.descent  lights  are  su)")li- 
ed  from  these, it  becomes  necessary  to  have  some  method  of 
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voltage  regultit-'on  to  offset  the  reduction  as  the  load  Is 
increased.    This  r-oes  not  apply  in  large  central  stations 
\7here  large  units  are  used  as  their  regulation  is  good, usually 
not  nore  than  4:<^jc   on  unity  po^er  factor  and  6'/:  on  .8  poror 
factor  for  25)j   overload.    U"'on  looicing  o^er  the  list  of  plants 
using  regulators  -e  find  that  the  units  are  usually  ahout  200 
to  300  K.'".  An  exception  to  this  ru.le  is  in  the  Tr:in  City 

Rapir'  Transit  Oo.  of  Minneapolis,iMinnesota,r^hich  has  3500  K.W. 
generators,  and  uses  a  Tlrri-ll  regulator.  The  regulation  of 
these  generators  hor'ever  is  12^p.  There  are  three  general 

t-'poes  of  regi.ilators  in  ^^se:  nanely,  the  St:  l?.-ell,Tirrlll,  and 
Induction  regulator.    The  -f^irst  t^pDe  is  nerel"  an  auto-trans- 
forrier  rith  a  novahle  contact  on  the  line  sine.     The  Induction 
regulator  is  an  auto-t"^'ans former  vhich  depends  for  its  regu- 
lation upon  the  relative  "oosition  of  the  c-olls  or  the  -position 
of  the  corc,r:cich  is  f.or.etines  moral le.     The  tro  tvpes  .just 
descrihed  are  haiid  o-oerated,  and  are  not  used  nearl-^'-  as  ruch  in 
central  stations  as  is  the  one  to  he  descrJted  noT?r.     They^  are 
used  nore  to  regxilate  the  "oltage  of  one  feeder  of  the  system 
rather  than  the  tus  bar. 

The  Tirrill  ror-uiator  regulates  the  voltage  of  the  suioply 
by  the  automatic  changing  of  the  excitation.    Its  o"')eration 
for  one  generator  and  one  excite""-  can  be  seen  c""'  a  reference 
to  Plate  3.    The  alternating  current  rinding  of  the  regulator 
consists  of  the  pressure  circuit, B, taKen  fron  the  tus  car 
usuallv,and  ^"ound  around  the  magnet, D.     This  magnet  is  also 
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pro-ided  ^'-ith   a  series  vrin'-'lng,  A,v.-hioh   is   p.c'.iListal'le,  and  rliich 
t-n'-ls   to   Gorrroensate   for  line   ^■rov.  The   oore,C,of  tnls  ms^net 

Is  fastene-i.  to  an  am  rhich  is  pivoted  at  E  and  any  riotlon  of 
this   core   is  balanced  by  a  counter  ^-elght,a.  This   is   the 

onlv  action  of   the   alternating  current;      tlTe    reriainder  Is 
caused  'by  the-  direct   current   control  circuit.  I'.'hen  the 

contact   at   P  is   closed  It   energizes   the  vindlng  on  the   right 
hand  side   of  the   relav,K, thereb'"-  closing  the    bhunt   on  the 
exciter  rheostat, the   relay, H,teing  differentially  vound.        Also 
Then  F  is   closed   it    ::.  hunts   the  ^'ind^ng  of  the   relay,  J,  thereby 
causing  V  to   rer.ain  closed   longer   and   give   the   T'o-r.lnder  of  the 
apparatus   tine  to  act.  Thus,\7hen  a  load  is  throT-n  on  to   the 

svstera,the  voltage    tonds   to   drop;      this  ^j^eaKens   the  magnet, D, 
and  cEiuses   its   core,  0,  to   drop,  closing  contact,  F.  T'-is   in 

turn  allors   the    armature   of  the   relay,  11,  to   drop  back,  shorting 
the   exciter  field   r-eostat   and  causing  the   exciter  voltage    to 

rlse,t'ius  raising  the   line   ■'-oltage.  In  case   s/^^-eral   gener- 

ators   are   operated  fron  the   sa^.e  bus  bar  vith   their  exciters 
in    parallel, one    regL:l-"tor  "ill  be   sufficient   to   regxilate   the 
voltage, but    in  case   either   the  generators   or  exciters    are 
operated   Be"Tarately,orie   rc':-iilrtor  for  each  separate  luiit   is 
necessary.  A   separate   -.isnel   on  the   s'-'itchboard  is  usuallTr 

installed  for  each  regulator, and   it   is   desirable   to  place   it 
as   near   the  exciter  panel   as   possible.  The   General  Electric 

Co.    in   its   bulletin  advises    the  use   of  tracKets   at 
the   end  of  T,hc  sv  itchboard  if   a  panel   is   not   to  be  i:'.ser],and 
say  that   a  rep;ulator  should   never  be  placed   on  the   sub-panel. 
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In  the  above  r.ontionoc'  "utlication  there  are  charts  showing  the 
results  ohtalned  hv  the  use  of  a  t-"pe  TA(  TIERILL  )rea^''-lator 
^^hich  shov;  it  to  he  verv  goor!  for  voltarfJ  reg-i^latlon.    A  r'l.is- 
a(?h7antage  o-r  this  rcgp.ilator  is,  that  it  rejnj.lates  the  voltage 
of  the  ^hble  system  an^i  cannot  l-e  used  to  regulate  the  ^-oltage 
of  a'  single  feeder  leaning  from  the  s^-sten. 
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BUS   BAR   CONSTRUCTION. 
The  Tnethoc'   of   su"f~'Ortlng  and  eri':- losing  the  btl^:    cars   is 
to    a  Ip.rge   extent   -^e^enrlent  u"oon  tho   oonr;itions   In  the   ^olant. 
The   st-'^le   of  sv'ltches   is   also   a  c-etorrnnlng:  factor.  For  lii- 

stanoe,if   the   -ritehes    are   to  he   hand   o-oerated  fron  the  bacK: 
of   th-:'  hoard,  the  hue  bars    are   nearly  al'^-.iys  not   enclosed   and 
are  hiing  on  insulators   su'oported  either  on  the   s"'ltehboard  or 
on  iron  framework  back  of  the  loard.  The   shape   of  the  bus  bar 

is   not   of  very  great    irfoort-nce.  The  u^ual   bhape   for  com- 

paratively snail   our-"ents    ifc   cl-cular  cross   section, vrhile   for 
lorer  "oltages    an**'   greater  curr-^ents   strips   are  used.  The 

use   of   a  hollor:  bus   is   resorted   to   in  a  fc-  cases.  The   copper 

on  the   insic'e   of  a  solid   conrhictor   is    to   r   certain  extent 
v,'asted,d.uo   to   the   skin  effect   of  the   alternating  cur:^cnt.  Uhe 

Niagara  St.    Gen-rating  station  at  Buffalo, Nev-  vork,uses   this 
system.  it   is   alnost   a  universal  -oractice   to  \iso  copoer. 

One  excc'-'tion  onl-^  ■'.•^as   noted    at   the   Suoqallnic   Falls   Porer 
Plant   in  "'ashin^-ton.  The  iiee  of  corrTartrients  for  the  en- 

closure  of  tiis   bnrs    iS   extent' l^.^e,  parti  cu.larly  rhere   oil  srltches 
are  used  in   cor-Dartr.ents.  The    'oraetlce   is.hovsver, very 

different   in  different  -olants.  As   a  i-^j.lejf or  -'oltages   above 

26000  or  53000, the  bus  bars  are  located  in  a  separate  building 
■usually  above  the  transfor^rers  and  are  not  en'-'losed  at  sll  and 
ofte.i   times    are  not   insulated.  The   1  nsuTatI  on,  if  used,  is  more 

for  a  protection  against  f  ire, -■''ust, moisture  etc.  than  to  insu- 
late  the  1-ire   electrically.  The   lliagara  Falls   Po^er  Co.    uses 
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asbectos  co'-e-^ing;.     The  re&son  for  not  e no  losing  these  vcrv 
high  voltage  tus  Lars  is  protably  becauBC  the  soace  overheac? 
in  the  tiransforrier  ror.-n  affords  ample  room  for  the  location  of 
the::i  and.  does  not  call  for  ac-.r:itional  e:'oense  of  the  conoart- 
nent  eonstructjon.    Also  the  high  -^'oltage  r-ir-jng  is  not  cois- 
■ol le at erj, usual  1"  consisting  of  one  or  tro  feecers  and  one  set 

of  bus  bars,  anc'  the  transformer  leads  ^'^ith  onl^''  an  oil  s'-'itch 
Jn  the  transfonaer  caid  feeder  leads  v.nci   sonetines  net  this. 
Exceptions  to  this  Tu.le  are  founf^-jho'^cverjbut  sor.o  particuilar 
condition  requires  this  adr'itional  expense.    Ralph  D.  Merfehon 
goes  so  far  as  to  advocate  the  placing  of  high-tenyion  busses 
out  doors  and  no  serious  obloction  can  be  found  ^"ith  this, 
except  in  severe  clinatlc  conf^ltlons. 

In  cases jho^'everji-Thore  the  raaln  ■"■Iring  is  at  all  compli- 
cated and  space  is  United  ly   the  price  of  real  estate, the 
use  of  cor.riartraents  for  the  nain  viring  is  advisable  for  volt- 
ages above  2300.     The  materials  used  are  bilck  and  concrete 
for  the  compartments  vith  alberine  or  slate  slabs  for  supports. 
The  usual  practice  is  to  put  the  bus  bars  in  a  vertical  roF 
near  a  r/all  so  that  only  three  sides  ha^'e  to  be  i.ullt.     The 
construction  shorn  on  Plate  4  is  in  use  at  the  Chelsea  Generat- 
ing Station  of  the  London  Underground  Electric  Rallray  System. 
The  perpendicular  ^'-alls  are  of  brick  v/hile  the  barriers 
bet\Teen  the  phases  are  of  some  su.itable  stone.     Observation 
dorrs  are  put  in  the  r-all  -here  the  bus  bar  is  supported  on 
insulators.     These  insulators  are  fastened  on  the  bacK.  v-all. 
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In  oa&e  of  a  connection  to  the  tiis  l^ar  a  stuxi  Is   extended  thru 
a  tushlng  -olacer"  In  the  rail  oT   the  c or.ro artr^ant  and  the  con- 
nection to  the  cable  made  on  the  other  side. 

Cases  are  frequent  rhere  the  insulators  are  ;;ocured  to 
the  bottom  harrier  tv  m.ep.ns  of  suitahle  su;or)orts.  In  the 
past  tt^o  or  three  "^'ears  the  u^e  of  reinforce^"  concrete  for  bus 

"bar  oompartnents  has  hecone  ou^'te  cor.rion.     It  is  chea"oer 
and  quicker  to  b\illd  than  brleh  and  does  not  sbsorl  as  riueh 
moisture.    Its  Insulating  ouality  is  as  good  as  alberine, 
slate,  or  soap  stone  anc  it  is  much  mo:^e  convenient  to  constin,ict. 
One  of  the  first  attempts  at  this  hind  of  consti'uotDon  T.as  at 

the  Missouri  River  Porer  House  of  the  Met":"opol1  tan  Street  RaSJ.- 
VQ.y   of  Kansas  city, Missouri.     The  compartments  are  built  of 
concrete  slabs  reinforced  i^ith  barbed  ^ire.     The  bus  bar 
cells  are  14"X14"  on  the  inside.     The  voltage  here  is  esoo. 

The  location  of  these  compartmients  T-itb  reference  to  other 
apparatus  ^-ill  be  taKen  vo   more  in  detail  later. 

The  generator  leads  arc  usual l"'^  tal'v.en  thru  the  engine  room 

floor  ^'irectlv  from  the  generators  and  lead  to  the  generator 
oil  switch  either  In  a  coripartment  or  in  a  n.in--i"ay  constructed 

on  the  ceiling  of  the  basem.ent.     The  latter  affords  suffi- 
cient nrotcctlon  if  there  is  no  danger  from,  moisture  or  vater 
in  the  basem.ent.    Tbis  i^ractice  is  alm.ost  universally  folloi'- 
ed  out  for  all  generating  voltages  in  this  coimtry. 
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The   location  anr":   cone^t-;niotion  of  tho   feeci.er  leacis   r^e^-^end. 
u-oon  rhot'fTor  tl-e  feeriers   leave   the   Tullclng  overhead,  or-  under- 
ground. In  fie   former  cfise   tlie^^  usuall-"-  go  up  the  building 
Fall   anci    leave  under   some   form  of  coop  for  protection  cgBlnst 
the   Feather.  "he  fom  of   tufce  used  rhere   the   feeder  goes 
thru   the   •  u' Ir"  ing  is   of  conslderatle   in:oortance  -i-^hore   high  po- 
tentials   are  usee'.  Home   form  of  ter^^a  cotta  or  oTfin&.vy 
serer  pipe  ^j-ith  a  glass   dlanhragK  at   each  end   piercec'    in  the 
center  for   the  ^-ire   is    very  satisfactory.  A   large   se~er  pipe 
of   this  kind  is  used  ty  the   Sharranigan  Falls   Porcr   Co.  At 
the   Niagara  Falls   Pover  Co.,vhere   the  ^.-all   is    brick, tro   glass 
plates   are   set  in  the  Trail   8"    apart   anc'   held  here   b^^  a  separator 

of  sorae   insulating  naterial.        This   is   shorn  in  Plate  6  rhlch 

the 
is   a  cross   section  of^ high-tension  ba-'-. 

In  case   the   feeders   are   fed  undergroimd  the   -potential  is 
not   above   11,000  volts    as    a  rule   and   therefore  verv  high  insu- 
lation is   not   necessary.  The   leads   are  usuallT--  CEirrled   the 
same   as   the   generator  leads.  The   Ner  voric  Edison  feed  the 
sub-stations   b-"-  four  routes, one  or  more  feeders   to   each  sub- 
station going  b^j-  each  route. 
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Y.fe  have  seen  in  "The  Connections  of  the  l.Ialn  Circuits"  the 
proper  "olaees  in  the  eirmiit  fo":-  s^ritches  anr'  -ill  no^,-  ■^on- 

si(?er  the  t^oe^  size,  location,  o-oerat' on,  anr:  construction  of  the 

various  switches  UBe^!.     The  classification  of  f:;-"  it'j-hes  as 

'iven  b'^^  lir.  H.o.  rrrnth  prepsren  for  iir.  Hushrnore  for  his  paper 

on  "Porer  Plant  Connections"  given  "before  the  A.I.T'l.E.  May  51st. 

1906  is  corrplete  and  a^'Oears  on  page  S7A. 

A  s-itf^h  must  be  efepable  of  rithctanding  the  electrical 
stresses  as  regards  inL-uli;.  t, ion, must  he  :_n:le  to  carry  fi.e  current 
and  he  able  effootuall'^^  to  open  the  maximum  current  on  short 
circuit.    In  the  clar.s  of  circuits  v-e  are  dealing  vith  the 
onl-'^  switches  to  be  considered  are  oil  S'/'itcheb  anc  disconnect- 
ing switches.     It  might  be  aslced  here  under  '-hBt  head  do 
circuit  breakers  cone?    In  general, circuit  breahers  are  held 
closed  by  a  trinoing  mechanism  agf^inst  the  force  of  Bome 
opening  '■•evice  such  ap.  ;"  spring  or  ^^oight.   Kence  some  to-call- 
ed srit^'hes  herein  di-^alt  rlth  reallv  com.e  ii.nder  the  iiead  of 
circuit  Irea'Kers  but  v'ill  be  consi^'ered  here  an^^  in  the  methods 
of  protecting  the  circuits  as  switches. 

The  reliabil:' t'?''  of  the  oil  Rritch  has  been  ampl""'  demon- 
strated in  the  past  fev/  years  and  the  rie-elonm.ent  of  high 
tent  ion  transrnssion  probably  o^-er    a  gr-iat  deal  to  the  progress 
in  this  li:ie.    Prpcticallv  the  only  use  of  r-isnonriecting 
knife  &v;itc"nes  is  •"here  they  are  to  be  opened  -hen  no  current 
flO.V7s,as  for  isolating  oil  s-^ntches,  sectionalizing  bus  rars,etc. 
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Tlie   oil  srit-;^,  is   one   in  ••■^>1  oh  the   clmult   1b  tror^en  under 
oil.  This  fflethOT''.  tends   to   ^liBrupt   the   P'rc   formed   and  the   oil 

Itself  forms    ?.  ver-^-   £;ood  insulator  for  the  parts.  Oil 

s'^'itohes   are   of   tvo   g-neral  t-^'-pes;      horizontal   anci   vertical. 
The  horli"ont£l    t-^oe  uses    less   oil   than  the   ve:'-tloal  but   the 
oil   Is    llstle   to  he  llovni  out  ^-hile  no   case   is   on  :-''Gaord  rhere 
the   oil  of  a  vertical   srltch  ^'^as  blorn  out   on  o"oening  the 
circuit   e"-^ en  under   the  r.iost   severe   conditions.  Oil  s-ltches 

for  voltages   up   to   ahout   5000   volts    a:^-e  iria.de   in  hand-ooerating 
t'^'-pes    ^nr"  nia'"'  be  niounted  directly  on  the  tack  of  the   svltch- 
Loard  or  an  Iron  frane-orK.  The    latter  is  preferable  because 

no  natter  ho';:  rell  protected  the   oil   Is   it   is   liable   to   spread 
to   the  marble  panels   an''   c^isfigiAre  them.  These   srltches   are 

made   au.toiiatic  or  non-autorr.atic   a^-    is   desired.  They  are 

built   In  single-pole  elements   and   :n  case  nore   than  a  single- 

-oole   sritch   is    desired   the   single-pole  elements   are   (connected 
to   one   control   handle  vhlch  operates   all    slrriultaneouslv. 
Further  descrir)tJon  of  this    class   of  sv'ltches   is  unnecessarv. 

For  potentials   above   5300   ■'.'olts  usuallv  large   oil  switches 
built    in  brie'K    oorroartments   are  used;    narnel"^'',T'^noe   0  made  "oy 
the  Westinghouse   Electric   and  i'anufacturlng  Co.    and    Type   F, 
Form  H,madc  hy  the  General  Piloctrlc   Go.  The   essential 

difference  botv:een  the   tv/o   is    in  the  method  of  operation. 
The   T-jTDe   C   is    sole.ioid  operated  and  the   T-pe   F,FormH,is  motor 
operated.  Fach   Is   composed  of  single-pole   elements  vith  tro 

breaks   and   are  built   in   separate  brlcK   compartments.  If  more 
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than  s.  single-pole  is  required,  the"'"  can  te  grouped,  as  in  the 
previous  case. 

The  Type  C  is  mo.c'e   in  standard  sizes  for  45,000  and  60,000 
volt  circuits.    It  v.^as  some  years  ago  cotirnon  practice  to 
trealv  these  very  high  Potentials  in  air  by  specially  d-esigned. 

siTitcheSjbut  since  the  advent  of  improved,  oil  !^-ritchcs  they 
are  not  used  now.     These  high- tene ion  T-j^r^e  G  switches  also 
are  uiade  in  single-pole  elements  with  double  break.    The 
U-shaped  element  which  closer  the  contacts  is  connected  to  a 
specially  tre&ted.  wooden  §an^_le  which  in  turn  is  connected 
to  the  operating  mechanisra.    It  is  operated  by  a  solenoid 
mounted  on  top  of  the  s'"itch.    The  oil  tank  is  of  rectang- 
ular shape  of  co'0"oer  fitted  v'ith  a  masonry  cell.    The 
copper  tank  has  a  bottom  of  treated  ^ood  and  a  framework  on 
the  sides  also.     This  framework  supports  a  second  lining 
which  is  of  alberene  stone  and  covers  the  entire  surface. 
There  is  a  double  barrier  of  similar  material  between  the  poles. 
The  wooden  rod  previouslv  mentioned  car:''y]ng  the  contact 
piece  is  between  thet.e  pieces.     The  connections  are  led  out  , 
in  porcelain  brushings  for  quite  a  distance.    It  is  desirable 
that  all  oil  switches  be  provided  with  diBconnectir.g  switches 
so  that  they  can  be  isolated  for  repairs.    The  standard 
operating  voltege  for  th^^se  tvpes  is  1S5  volt  direct  current. 
This  su-nplv  must  be  provided  for  by  an  ad':"  it  ion  to  the  capacity 
of  the  exciters,  storage  batter-^^etc.    ''^e  shall  now  consider 
the  different  kinds  of  switches.     They  may  be  groi:!.ped  ■:  '■ 
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as  regards  their  use  as  foTTovrs:   generator,  selector,  trans- 
former, nus  bar  tie, sectlon&llsing, group, f ecc'.er,  anc'  c.isc-or.nect- 
ing  switches.     There  is  some  -ontroversy  as  to  the  advisabll- 
ItT/  of  having  tvo  sritches  in  series  as  a  safegnjiard  in  ocening 
the  circuit;   but  the  reliarilit-/  of  oil  s'-itehes  is  such  that 
this  is  hardl"'^  acTvis.^-hle. 

The  generator  switch  is  in  the  line  froia  the  generator 
to  the  next  niece  of  apparatus  anc  its  opening  isolates  the 
generator  froia  the  other  a;:>"Daratus.     It  raust  have  a  carrving 
capacit-'^  enu.al  to  the  t-o-hour  overload  cspaeity  of  the 
generator.     It  -lust  be  able  to  open  the  '^hort  ci:"cuit  current 
eq-tial  to  the  f^oribined  capacity  of  the  remaining  generators 
on  that  "oart  of  the  s-'-stera  provi-'-ing  the  bus  bar  sectionalizing 
S7:itch  is  not  to  be  o"oenod  first.    In  this  event  its  opening 
capacitv  noc'  onl-'-  be  that  of  '.he  generators  left  on  its  section 
of  the  bus  car.    The  location  of  the  generator  s^'ltch' depends 
u'oon  the  rest  of  the  s--it';hing  a"0':aratus.    As  r'as  stated 
previously,  In  smaller  Central  C;tations,yjhcre  the  voltage  is 
2500, the  svitches  are  usually  on  the  bacK  of  the  switchboard 
or  on  iron  frame  rorlc  lust  back  of  the  sT^itchboard.     The 
latter  is  much  better  but  considerable  space  should  be  left 
betv:ecn  the  sritchboard  and  the  sritch  as  a  means  of  protection 
tc  the  operator.    In  the  case  of  large  stations, there  seems 
to  be  no  general  practice  as  to  the  location  of  these  sritches. 
Preferabl-''  they  are  close  to  the  bus  bar  compartments  so  that 
they  can  be  built  right  into  this  structure. 
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A  selector  sr'itc'n,as  the  name  implies,  Ih  one  to  connect 

the  sou.roe  oi  po'-er  to  either  of  tv;o  or  more  outlets, usually 

t'no.    Thur  It  can  be  usee  in  connection  ^:ith  generators, 

a 
transformers,  or  feeders.    This  can  be  oither.^double-throT,' 

sritch  or  tr'o  single-throv^  sv:itches;preferF,ibly  the  latter. 
The-/  may  be  icnlfe  disconnecting  sritohes  rhere  they  are  not  to 
be  thrown  under  load.    A  schene  is  used  by  the  Sharln^^an 
Falls  Po7'er  Co,  that  is  a  vcr-'*  good  one,  as  far  as  reliability'- 
is  concerned, and  is  comparativelv  cheap.    As  seen  in  Plate  7 
the  main  generator  oil  s^fritch  must  be  opened  before  any  of  the 
discoiuiecting  srit-hes  can  be  closed,  and  also  the  ■-'isconnecting 

s'-itehes  must  be  close^T,on  one  bus  before  the  generator  oil 
sv-itch  can  be  closed.     m  case?^  thes-^  h elector  s'^-ixches  are 
oil  switches  the  o-oeratlon  of  each  can  be  te.ste^'  before  they 
are  both  closed.    The  one  ~hich  is  not  automatic  is  used 
for  synchronizing.     If  these  sr.atches  are  knife  disconnect- 
ing sritches  the  "oroblem  as  to  Y'here  to  put  thorn  is  difficult. 
It  is  not  desirable  to  lead  the  high-tent  ion  to  the  s^ritch- 
board.     It  is  probably  best  to  locate  the  sritch  oi'i  the  bus 
bar  stj-i-icture  near  the  generator  sv'itoh. 

Transformer^  svritches  are  used  on  both  sides  of  the  trans- 
former.    Their  rating  is  on  the  ti/jo-hour  overload  capacity/ 
of  the  transformers.     In  case  the  transformers  are  delta 
con:;eeted,  soiaetimes  a  delta  svitch  is  out  in  th.e  high  and  Iot;- 
tensJon  side  of  eoch  coil  to  Isolate  a  bad  transformer. 
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These  are  located  either  on  the  structure  of  the  eompartraent 
or  near  the  transformer  on  i   small  panel.    These  s^'■itches 
are  operater-'.  on  no  load  and  can  he  Knife  •?ls-^on:,:eeting  s-"lt^es. 
This  practice  is  not  comnon  as  nearly  all  transformers  for 
this  purpose  are  star  connected. 

Line  S'"it'--hes  are  suhject  to  the  most  severe  strains  and 
are  of  first  importance.    Host  of  the  r;_isturtances  in  a 
"olant  are  cue  to  trouble  on  the  outside  and  it  is  essential 
that  this  he  cut  off  if  serious  enouoh  to  endanger  the  apparatus 
inside.    T'le  line  s"'itch  must  he  ahle  to  open  the  circuit 
T/hen  maximum  porer  is  being  delivered  from  all  the  generators 
on  that  section.    However, it  is  sometimes  desirable  to  leave 
the  trouble  on  tem.poraril"''  in  the  hope  of  burning  it  out  vhere 
continuity''  of  ser^/ice  is  of  enough  im/^ortance.    In  case  of 
automatic  sectionalizing  s^-itches  the  line  sritch  rill  have 
less  to  open  than  othcrr.-ise.     The  capacitv  of  the  line  switch 
is  in  accordance  ^'ith  the  tvo-hour  overload  of  the  generators 
and  it  r:iist  be  ahle  to  o'^en  the  total  capacitv  of  the  generators 
on  that  section  of  bus  bar. 

Sectionalizing  s'^itnhes  a^-e  nearlv  alra""-s  long-breaic 
hand-operated  Knife  s^rit^hes.     The  exception  to  this  is 
i"here  a  buss  sectinnalir-lng  s'"ltch  is  used  to  cut  dov-n  the 
capacity  on  short  circuit,  and  here  an  aat  ;nat.ic  oil  •.■""itch 
is  i.isod.     ^h:'  location  of  these  hn '  f  e  sritches  is  usually  on 
i::i3ulitors  right  in  the  compartment.    The  bus  bar  sectional- 
izing switches  uised  bv  the  Ne"-'  Yor'K  Jildison  '^o.  are  on   Insulators 
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the 
anr'    a  glass   -olate   is   "out   Into   covaoartnient  r'all   so   that 

the 

position  of^s~ltch  can  be  seen  from  the  outside. 

The  location  of  H^-it-hes  and  tus  bars  is  so  closely  con- 
nected and  depends  upon  conditions  to  ;  uch  an  extent  th.-.  t  the 
description  of  three  or  four  special  Installations  rill  pro- 
babl'^'-  he  of  raore  information  than  a  general  discussion. 

Plate  4  shoT's  the  tus  bar  and  svit chine:  ariangement  In 
use  at  the  'Chelsea  Generating:  station  of  the  Iiondon  Undergro^md 
Electric  Rail^-ay  Systeui.    The  connections  of  the  main  circuits 
are  similar  to  t'-iose  shoyn  in  Fig.  9, Plate  1, except  that  there 
is  only  one  set  of  "ruRses.     The  generator  cables  are  carried 
under  the  engine  roora  floor  to  n  point  under  the  generator 
oil  switch,  A.  th-n  v-o   a  b:^lpb  '"all  th:ni  a  scries  transforirier,B, 
and  up  into  the  oil  .srjtch  on  the  first  m.ezzanine  thru  a  bushing 
in  the  floor.     Prom  the  oil  switch  the  lead  passes  in  a 
horizontal  brlcX  CDiioartment  i.o  a  ^-all  bade  of  the  f^-^itch  and 
u-o  this  vail  to  the  disconnecting  s'r.-itch  .0  ^  Just  under  the  floor 
of  the  second  mes'^anlne.     Then  the  lead  "oassf^s  up  thra  this 
floor  to  the  main  bus  bar,D.     The  arrange:!ient  of  these  con- 
nections is  shovn  in  the  :"ron.t  vier.     The  bus  bars  are  in  a 
vertical  ror  in  compartments.     The  v,-alls  of  these  compartrionts 
are  brick  '."ith  suitable  bar"4ers  betveen  the  phases.     The 
Inside  dimension  of  each  comp'-.rtm.ent  is  18"X13".    The  bus  is 
supported  in  the  center  of  each  compartmient  on  insulators 
fastened  to  the  bacK.  irall  of  the  compartment.     T'-^e  bus 
secticnaliprJng  s^-itch,  >";,  is  an  oil  s--jtch  and  is  on  the  floor 
of  the  second  me^^anine  and  nearl""-  in  line  vith  the  bus. 
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From  the  tus  car  the  lead  goes  up  thru  a  r.iscoiinectlng  switch,?, 
to  the  feeder  Krov.p  sv-itch,G,on  the  ^hi^d  Tncs-anine  xo  the 
feecer  group  tus  located  in  front  of  the  feeder  frritches. 
This  tuE  tar  is  ir.  s  cor.partrnent  similar  '.o   that  of  the  r.ain 

t'uss.     The  feeder  nov;  a:oof-  to  the  feeder  sFitch  located  in 
line  v-ith  the  fee^'er  group  B^^itohes  from  r-'-ich  it  goes  doT7n 
thru  a  series  transformer  and  a  lightning  arrester  provided 
v.-lth  a  disconnecting  s-nitch  ^nd  located  ir^  line  i-ith  xhe  panel, 
J, shorn  in  the  cross  section.     The  three  cahles  i.lnen  center 
one  three--ohase  cahle  1"  ■"-  a  large  pot  hea-^'  su'oported  on  the 
rear  of  the  ahove  vnentJoned  panel.     The  feeder  cahle  no" 
goes  do-Tn  thru  the  tro  floors  to  the  outgoing  conduit.     The 
clanpSjKjShc-'  the  raetho^  of  supporting  the  cocle  to  relieve 
the  tension  on  the  pot  head.     These  cat^es  are  three-core 
paper-insulated,  lead-covered_  cahles  of  the  standard  English 
pattern.    They  are  tested  at  the  factory  vith  35,0GC  volts 
and  rith  22.000  after  heing  installer:.     This  represents  a 
t"-pical  installation  for  a  large  plant  vriiere  there  are  no  trans- 
formers used. 

The  use  of  galleries  is  coirL-.on  in  this  t-rpe  of  plant 
the^^  being  used  bv  near-lv  all  the  l^rge  eonpanies  vhere  these 
conditions  obtain.     The  Ne-  York  Edison  Co.  uses  six  galleries 
in  the  ner/  "^atersl^-^e  Ctatlon  Mo.  2  along  the  entire  40th.  St. 
side.     On  the  first  are  the  mPln  end  auxiliary  busses  in 
cells  of  briclc  v,'ith  alberine  partition  construction.     These 
com-oartments  have  ■'/•ired  glass  doors  rhere  the  cables  connect 
to  the  bus  bars  thrti  ^Jisconne^ting  sFit<-hes.    On  the  second 
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meEzanine  are  the  selector  sT.'itnhes  ^•■'lile  on  t'ne  4txi,  mezzanine 
are  trhe  feeder  switches.     The  Instrirment  transfomiers  are 
on  t'ne  Srd.  mezzanine  and  t]ne  feec'ere  are  brought  dorn  from 
the  4th.  mezzanine  to  the  oiitgoinf;  lines. 

V'e  r;lll  nov;  consider  the  ecniipment  of  a  "olant  rhere 
galleries  are  not  used,  as  exemplified  "by  the  Tvin  Citv  Ra'oid 
Transit  Oo.  of  I.;i;_neapolis.    They  do  not  use  transformers 
and  the  one  tus  Is  divided  into  three  sections  t---  mieans  of 
oil  svrit  'hes.     Each  oil  sTltch  is  "orovided  vith  t?'o  discon- 
necting switches.     The  .generators  feed  to  the  rus  tar  thru 
an  oil  sritch  F.nr^    a  disconnecting  sv'itch  and  the  feeders  are 
fed  thru  a  '"is connecting  sritch, oil  svatGh,and  disconnecting 
switch  in  order.    Reference  to  Plate  5  shors  the  generator 
leads  oar'-ied  under  the  floor  to  r->   roint  u.nder  the  oil  switch 
and  then  up  Into  the  oil  svitGh,A.     Prori  there  they  go  thru 
a  comrpartTaent,B,l:)uilt  of  crick, on  the  main  engine  room  floor 
to  the  ^-all  of  the  bus  bar  compartment,  0.     Pror;:  there  a  lead 
goes  th7XL   a  disconnecting  s^-'ltch  to  the  bus  bars  in  cori-oart- 
ments.     These  com.partments  are  Taillt  of  brick  rith  "oncrete 
anch.orage  for  the  insulr-tors  and  concrete  barriers.    Fromi  the 
bus  bars  the  leads  go  to  a  disconnecting  sv;ltch,D,  on  the  back 
of  the  comfoartmjint,  then  ^orn  and  In  -  simnlar  com-oartment  to 
that  of  the  generator  leads  to  t'^e  feeder  oil  svltch,  E,  then 
dovn  and  thru  another  compartment  to  the  rail  of  th'-  b^iildlng 
rhere  they  rise  and  go  thru  another  discor.neoting  sv'ltch,r, 
at  rhich  point  the  lightning  arrester,  i',  is  tappe'^,  off.     Then 
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the  feeder  cycles  tenri  baclv  an-''  enter  8  vot  lieac!, K,for  t^ie 
out  goiTig  e&tle. 

The  l.u.r.  seetlo'nr?..lirring  arrangement  Is  sho?;n  in  the  front 
laer.     The  cus  tar  rissh:  into  the  cor-roartTnent  auox'e  anc  goes 
theu  a  rlisoonnecting  B^-itoh  at  A  then  dorn  and  thru  the  oil 
s^  itoh,E,  anc"  "back  to  the  other  section  of  the  Vus  thru  a  nis- 
connectinr  sriteh  at  C.     The  figure  shovs  the  important  cll- 
raensionB.     This  fci^steiii  is  used  quite  extensi-'/el^^ particularli. 
in  vater  pover  -jlants  rhere  floor  space  is  not  an  ini'ortant 
factor. 

vre  ^"ill  nor  aonsider  the  arrangement  of  ap^^aratus  in  the 
high-tensJon  tav  of  the  Ontario  Porer  Co.    Referring  to 
Plate  S  re  see  the  line  entering  on  the  up'oe:^  right  hand  side 
at  A,anr^  tencing  c=o'-n  anr  thrii  the  series  transforner,B,  th~u 
a  ■'"'isconrecting  s"'itch.    It  then  loops  over  to  the  high--  . 
tension  transfor/iier  oil  sv^iteh,  C,rhieh  is  of  the  "-estinghouse 
Tvpe  0  pattern.    Then  the  lead  -.oes  up  thru  a  disconnecting 
sT'ltoh,D,  mounted  on  a  channel  iron,anr!  un  to  the  high-tension 
bUEseSjMiilKjrhich  are  •••Louuteo  on  insulators  supported  on  steel 
pins  fastener':  to  channels.     Fror.  the  high-tension  cusses  the 
feeders  loop  dorn  to  ohe  disconnecting  s^"itch,  F,  feeder  oil 
sFitch, J,\'.p  the  rail  and  out  on  the  line  thru  the  aperature 
at  K. 

The  three  systems  just  described  give  a  falrl""-  clear  out- 
line of  viiat  is  done  in  the  location  and  ^^onstiuction  of  the 
main  sritching  ao'oaratus  2n6   v.hile  several  more  illustrations 
could  "be  c-i^^en  ^--e  believe  that  the  information  gained  is  not 


suj?iicient   to  rarrant  further  inve-.tlgation  along  ^.liis   line. 
The  otiect   scurht   In   z.l\   Installations   Is   to  ortaln  ^ellatllit3^ 
fle::il:illty,anr'    convenience   at   the   leatt   possiLle  cost    -.nd  the 
conditions   are   £o  rrldel^r  different   that   no   standard  can  fce 
made. 
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PROTECT^IVE  C^VICSS. 

In  taking  up  the  r^isou.sRlon  of  "orotectlve  de-.-ices  're   ^-ish 
to  consider  the  tro  general  ola&ses  ^"hlch  h.re   being  used; 
nanely,  lightning  arresters  for  the  "oroteotJon  of  oiro\:'its 
against  lightning  ^Dhononena,  and  the  numerous  t-^rnes  of  relays 
rhioh  are  used  to  protect  against  ervcessive  or  reverse  currents. 
Since  the  latter  class  of  a.'^oaratus  is  so  closely  related  to 
the  o-oeration  of  autonatic  s-.-itches  ^^^e  '.vish  to  talce  up  the 
treatment  of  prote'-tive  de-'.-ices  at  this  point. 

The  ajoa-^-atus  for  p:^otection  agrinst  lightning  is  designed 
to  o-oerate  ^"ithout  interi-upt ion  to  the  service, vhi  le  the  over- 
load and  time-limit  relays  alr/avs  operate  in  such  a  ¥.'a'<'  that 
the  service  is  interrupted.     In  the  first  case  the  apparatus 
in  the  central  station  is  subjected  to  atnormal  voltages  and 
atnormsl  freoueneies,  and  the  strain  is  relieve'-^  ]:^.-   a  static 
discharge  taking  place  thru  the  arrester.    In  the  latter 
case, ho'^ever, the  a'oparatus  in  the  r.tatlon  Is  suhjected  to 
current  of  su^^h  a  value  that  excessive  heating  voulc  result  if 
the  circuit  re  re  not  opened  hv  .some  automatic  device. 
Relays. 

The  use  of  relays  in  connection  rith  autoristic  switches 
Is  an  absolute  neces-itv  in  Central  rtations  having  a  great 
many  generators  r.ncl   feeders.    VTien  trouhle  occurs  on  one 
feeder,  or  a  short  circuit  comes  on  a  generator,  it  is  vei-^r 
desirable  that  this  clrnuit  be  isol  ted  from  the  s-'-stem  at  once. 
Horever,it  is  not  desi^'able  in  the  case  of  overloads  to  have 
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tile  feeder  opened  if  the  overload  is  due  to  a  swinging  load 
of  bhort  curation, sinee  the  danger  from  the  ercesBive  currents 
is  dependent  on  the  tine  tha^.^  flor.    Also,rhcn  the  generators 
are  telng  svnehronizoci  it  often  happens  that  the  machine  is 
throrn  in,  out  of  Btor),anr;  a  surge  of  porer  froTu  the  bus  tar 

to  the  rnachi-ie  resiilts.   In  this  case  it  is  desiratle  to 
■-ave  a  '-■evice  for  automatically'  c'isconneoting  the  generator 
instantaneotisl-'^   T'-^.is  surge  of  po"er  tc  t"-^e  generators 
raa-^^  alr;o  occ\i.r  di;rJr.g  ":'&rallel  operation  --t  Kuch  time  as  the 
prime  m;0''er  or  e^icitation  gl'^^es  trouMe.   Again,  in  the  case  of 
feeders,  it  Is  essential  that  there  he  a  de"ice  on  the  recel-'-er 
so  that  in  case  troui  le  arises  '-ere  t'^e  receiver  can  he 
dlsconr'icct'^d  first,  then  the  feer"!er,and  finally  t'-e  generator, 
if  the  front le  is  serious  enough  to  cemand  this. 

T'^e  '■""ove  mentioned  classes  of  trouble  oall  for  the 
f  ollc/'ing  four  t'^'cj-s  of  re  1  a^'.^s  ;  namely.'  overload,  reverse  current. 
■  c'vcrse  'hasCjanr^  lor  voltage.   The  time  element  entering 
i:.to  :he  o-oerafon  of  these  relays  :.ia^^  he  instantaneous .  immerse, 
or  definite,  an'?  t-io  relav  oan  ".:cratc  so  as  to  close  a  direct 
curicent  control  circuit  to  the  automatic  switch  or  to  open 
a  circuit  Y'it'-  a  series  traiisformer  giving  alternating  current 
for  the  control  of  the   svmtch.   The  t-^'pes  of  relays  r'ill  he 
taken  up  in  the  carder  named  and  their  operation  anc'  location 
explained. 

The  overload  rcla"""  Is  used  on  generatofs  and  feeders  and 
has  the  Inverse  tim.e  eleincnt  except  in  case  rhere  the  fire  risk 
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^oulf?,  be  too  great.     The  idea  in  having  tho  inverse  tine 
elerient  is  that  the  trouhle  on  the  cirouit  if  llKo  a  BT'lnging 

loac'-  ^ill  labt  onl^^  a  8ho:^-t  tir.e  as  a  r'Jile  anc'  it  is  not 
advisstle  to  shut  c-ovn  the  svstera.    The  inverse  tine  elorrient 
is  intror'uaor'.  mechen:  call'^  tv  means  of  a  l"ellor-s,T'hiGh  discharg- 
es air  at  a  certain  rate, or  a  dash-pot  attached  to  the  solenoid. 
The  ampere-time  curve  ta:.:en  frorr.  a  hellors  tvpe  inverse  tine 
elenent  relay  is  sho^n  in  Plate  8.    Reference  to  this  curve 
shons  that  the  greater  the  cur3*-ent ,  the  less  the  tine  ret-uired 
for  the  solenoid'  to  corrolete  its  notion  and  trip  the  treaker. 

Overload  relays  nade  by  the  ■"est inghou.se  Electric  and  Hanu- 
fscturing  Co.  have  the  definite  tine  elenent.    B'^''  means  of 
dials  and  pointers,  either  the  tine  or  the  overload-  can  te  ad- 
justed so  that  at  a  given  overload  the  trip  coil  of  the  auto- 
matic circuit  breaker  r^ill  be  operated  if  the  overload  lasts 
for  a  pre-determined  time.     If  the  overload  does  not  continue 
for  this  pre-deternlne'-'  tine, the  relay  returns  to  its  noriaal 
position.     The  relav  is  connected  to  the  circuit  by  means  of 
series  trsnsform.ers  and  is  made  to  te  used  in  connection  vith 
oil  circuit  breakers  "h^re  the  trip  coils  are  operated  by  10  to 
5  00  volt  direct  cur^^ent  circuits.     These  connections  are 
sho^"n  in  Plate  CjPig.  1.    The  definite  time  elem.ent  is  necess- 
ar^r  because  it  is  not  advitr-ble  to  open  a  statch  during  the 
high  frequency  (fcillations  due  to  s  short  cirmit,  since  the 
c^illatory  pov'er  r.^ould  cause  an  arc  to  start  betv.een  the 
termiinals  of  the  si-'itch.     The  time  elem.ent,  therefore,  gives 
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Also , the  del i  nj  te  time 
elenent  nay  give  a  short  circuit  tiF^e  to  turn  off  If  not  too 
heavy. 

This  t-',^r>e  of  relay  is  rilacod.  on  generators  anc  feeders. 
Hore"<'er,in  the  former  case  it  has  teen  re-omended  that  the 
s^■ltch  te  non-automatic, vrhile  In  the  latter  it  is  essential 
that  the  errangenient  of  the  tiiic  elements  te  adiiisted  so  that 
the  receiver  '/'ill  te  disconnected  first  and  then  the  next  higher 
circuit.     This,  then,  sax-'es  a  shut  dovn  in  r.an-'^  cases.    Plate 
10, Pig.  1,  shovr^:  the  ^•onnections  for  the  General  Electric  Oo 's. 
overload'  rela""-  operating  a  direct  cur?-ent  contro]  clrciiit. 

The  reverse  current  rela'',''  is  usee  extensively  on  geneir'ator 
and  feeder  s'-ltches  to  take  care,  aT.-'.tonaticallv,of  such  trouble 
as  failure  of  excitation  or  pr-ine  mover, or  of  &-"nchroni?ing. 
It  nust  therefore  operate  vhen  the  iloi"  of  energy  reverses. 
At  first  t"ns  t-"pe  of  "/elav  gave  trouble  in  the  case  of  short 
clrctilts,  since  it  ^"'culd  not  oioerate  on  lo":  voltages.     Then  at 
lOTr  poFer  factors  there  ras  little  torque  to  o'^e-i^ate  the  relay 
Vaich  rras  of  the  inCuotion  t-^n^e.    Hovever,re  nov   have  a 
reverse  current  rela-^;-  made  ty  the  Festinghouse  Electric  and 
Manufacturing  Co.  ,r>iich  seems  to  give  eatisfactorv  re:-;ults. 
It  has  teen  Installed  at  the  Ontario  Porer  no  's.  Distrituting 
Station  anr"  several  of  the  l^^-rgest  central  stations  in  this 
country. 

Its  operation  can  te  ex-:^lalned  ty  reference  to  Plate  S, 
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yig.,?.     Tr.ere   are  tv:o  eleotro-ra&g-nets  ^.'hich  rotS'-te  t'"o  '■^iscs 

nountor'  on  the  s&L:e  shaft.     The  neehanical  ooriritruction  ig 

ver^-  similar  to  that  In  the  "^estlng>ouGe  TToe,  CjPolTnphase 

Integrating  '''attrnetcr.    The  moxion  of  the  crises  in  the  relay 

is  controlled  Toy  means  of  a  spring.    A  moving  am  closes 

the  control  circuit  at  the  ke^^,K.     In  case  the  control  circiiit 

reou.ires  norc  than  one  anpere  the  key,  K,  closes  a  cii'-ouit  to  an 

avL-iliar:,'-  rela--,'  v^ith  contacts  vhich  close  the  control  circuit. 

current .  a..(^  true  ^atts.  The  reiat  o-^e  rates  on  lor  vDltage 
The  coils  arc  effected  b:'  voltc.ge^or  lor  current  since  the 

torque  is  large  for  lov;  pov.er  factors.     The  inx'-erse  time 
elenent  is  accomplishec.  tv  the  dumping  effect  on  the  ciisc,and 
can  be  adjusted. 

The  aeneral  Electric  Co.  r.'anuf actures  a  C'ifierential  relay 
Fhich  is  Intendec'  to  accomplish  the  seme  resf.lts  as  those  re- 
quired of  a  reverse  current  rolav/cut  v.-e  have  found  that  this 
tvpe  of  -■ela^.'-  has  given  serious  trouble  and  causec!  unnecessary/- 
s'-^ut  doTns.    A  'firing  scheme  of  the  relay  is  s'^orn  in  Plate  10. 
?ig.P.    As  can  he  seen  the  solenoid  flux  is  interlinked  r/ith 
t^o  electrical  circuits:  one  from  the  current  t?-ansformers,  and 
one  from  the  -ootontial  tT--?:nsforcors,    These  circuits  act  in 
o-o-osition.and  their  resultant  field  un^er  normal  conditions 
is  zero.    Nor  if  the  magnetomotive  of  one  rinding  exceeds 
that  of  the  other,  the  relay  v-111  be  af-recter-,  since  e   flux  then 
acts  on  the  sol^-^noid.    Again  rhen  the  cur^-ent  revev-;;es  the 
action  of  the  tro  coils  of  the  relay  is  accumulative  and  the 
relav  closes  the  direct  current  control  circuit  to  the  oil 
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sv:it,ch.     In  Bvnchronizlng,of  course,  t  Vie  re  is  l-ut  one  ooil 
enerfrizod  s:^ncc  very  small  current  flovrs  in  Vo.e   generator  leacis, 
and  it  lias  teen  founr-  that  the  plung-^r  of  the  rela-<-  -^ill  vltrate 

on  lo'^"  frequency,  thereby  introducing  a  tat?  feature.    We 
therefore  C'O  not  recoT'iT'end  the  use  of  r"1ff erential  rolavs. 

Reverse  phase  relavs  are  of  the  instantaneous  tine  eleuient 
tTPe  anci  are  made  to  r'^isconneet  a  v.-^otor  in  case  it  has  been 
inproperl"'-  conneote'-  to  the  line.    These  relays  votild.  not 
be  uso':^  in  ordinary  central  stations,  cut  their  use  in  the 
reoe:""vers  on  feeder  s'^'bterns  rill  r.&teriall-'-  effect  the  a'atomatic 
operct:on  of  the  station. 

The  use  of  lov  voltage  reliys  is  reco".r.encled  '.^here  -i-iotors 
are  started  by  raeans  of  additional  resistance,  and  r.'here  it  is 
necesEary  to  have  the  notor  disconnecter"  in  case  the  resistance 
is  not  enough  for  starting. 

The  above  nentioner^  relays  all  oi^erate  on  the  n r-u.it- 
closing  principle;   that  is,  the  relay  closes  a  contact  v-hen 
operating  and  this  closes  the  control  circuit  to  the  oil  svitch. 
'. "c  note  the  use  also  of  rel^-ys  of  the  cirr-uit-ooening  type  ^-rhere 
the  contr-ct  is  '-•losei'"  during  normal  conoitions.    norever,rd-en 
the  rela-  o-oei^ates  the  cir'^cuit  to  the  trip-coil  rhich  in  this 
case  is  ope-ated  by  the  current  fror.  the  series  transferrers 
the  current  is   o-jenc^'  and  t'^e  alternating  current  allorec^  to 
energize  the  tr1-o-coil.     Sshemes  for  these  t^'oes  of  con- 
nections are  shorn  in  Plates  £  and  10.     The  connections  of 
the  relavR  are  practically  the  sarae  as  the  circuit  closing  type 
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as  can  te  seen  from  tine  schemes. 

The  relays  are  mounted  on  the  front  of  the  r;Tlt^hboard. 
in  all  cases.    In  general, the  generator  relz-vs   i-re  placed 
on  the  sut-ppnel  of  the  generator  panel, and  the  feeder  relai'^s 
are  llkevjse  place'-''  on  the  stit-"oanel  of  the  feeder  panel. 
Ko7'ever,in  the  ease  of  the  V.^estinchouse  t^^pe^  rhere  the  relay 
cases  are  de£l,?'ned  on  lines  slml''.ar  to  the  Instruments  it 
lookc  veil  to  place  the  rela-"-s  on  the  upper  p?nel.    At  the 
Ontario  Povor  Co.,  the  relavs  are  all  placed  or.  special  terminal 
panels  on  the  ftc^ond  fl:,or  of  the  control  chamber.     In  this 
case  the  ultimate  capacjtv  of  the  station  ^ill  rarrant  such 
an  expenditure  fo?'  sep-rate  panels.    In  acdition,  hor'.v.^er, 
.these  panels  contaJn  fvises  for  each  vire  of  the  au?:illarv 
'/riliinp-  for  the  generator  control. 

V/e  have  met  cases  vhere  a  hand  operated  srjtch  is  supi)lled 
T'ith  a  tog'le  .joint  r'.'ich  is  trr^.ped  h-)'-  moans  of  a  lela'!'.    In 
this  case  the  j-ola'^  is  installed  .lust  underneath  or  at  the 
si-^'e  of  the  sritch  handle. 

Lightning  Arresters. 

Atnorm.al  voltage  and  rtnormal  frequency  produce  a  strain 
in  the  insul-^.  tion  of  Jnsulf-torSjS^- itches,  transformers,  and 
generators,  anr"  the  point  at  v-hich  th^-  li,rhtning  arrester 
shoule  operate  is  dcterr.ined  from  the  dielectric  strength  of 
the  insulation  of  these  various  pieces  of  ap"oaratus.    For 
insulators  the  rcrmissahle  strain  is  ZOO^,j   of  the  no.T^mal  line 
vonage;  for  sritehes  it  is  ?50'70  of  the  line  voltage;  for 
transformers  it  is  indc--^ondent  of  the  m.ethod  of  connecting. 


g.nci  is  &l>out  200^0  01  fhe   norir.g.l  voltage, betreen  coil  s.nc;  core 
anc'  for  generators  it  varies  frou:  150"^,.  of  the  rf_-tec-  te'in.lnal 
voltage  for  20000  volt  Kaerlnes  to  2^0'^^  of  the  rated  terr.inal 
voltage  for  400  volt  nachlnes.    Hence  the  perr.iiF^a'rle  rise 
of  "'jotentlal  is  less  than  100^;s,and  anout  60^;.  of  the  line 
voltage  seems  to  he  the  point  at  vhich  the  arrester  shov.lcl 
operate. 

Up  to  the  present  tirre  a  greet  Tian^'  conclusions  h£-.ve 
been  clra^n  fror;  ciata  ^'hich  ha^e  teen  ol-taJnO''':  fror.  n-ur^erotis 
installations  of  lightning  arresters, tut  it  seerr.s  that  these 
data  are  Insufficient  to  ^'±r:   in  cTeciCilng  on  the  nost  efficient 
t"''pe  of  arrester  In  operation.    At  first  it  seemed  That  a 
certain  arrangement  had.  proved  successful  and  rhen  atout  to 
conclude  that  all  data  shoved  this,someth1  ng  ner-  and  unexpected 
v,-ould  he  otsejved  at  the  next  lightning  disturtance.    Hence 
it  ap!>ears  that  most  of  the  atten.v^tE  to  protect  against  the 
phenor.ena  have  been  gu.essee.     Since  the  action  of  the  light- 
ning is  so  variable  and  its  force  so  great  thet  it  is  tc-cnd 
all  control,  It  is  ir.posslble  to  experirient  rlth  it  and  all  v.'e 
can  do  is  to  '•-ecide  ty  ot serving  the  phenomena  in  practice. 

From  the  fact, that  the  point  of  operation  of  the  -rrester 
depends  upon  the  '^■i electric  strength  of  the  Insulation  of  the 
ap'oaratus  to  le  protected,  It  seems  reasonable  to  suppose  that 
great  benefit  can  be  6eT"'-''e6   bv  Increasing  the  dielectric 
strength  vhich  in  turn  is  secured  t---  t^re  lr,-::iro"ing  of  the 
method  of  insulation.    Also  the  grounded  neutral  star  method 
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of  oonne'"-tnng   transforr:.ers   on  three-phase   syBtens   offers   a 

oncMtion  ^-hich  is   recorii.encled  as   an  aid  In  protection  against 
the   difcturtances   of  lig'^tning.  The   strain  on  the   insulftion 

tet'reen  the    coils    and  the   core   ic    decreased  in   the   ratio  of  5:1. 

Some  reco-'-'-ien'^   the  use   of  a  choke   coll  hetv/een  the    line 
BTf  the  apparatvis.  Thlt   coil   is   often  rua<?e  of  the   line  ^ire 

round   into   a  helix   6"    in  dis.Tietcr  or  is  r^iade   of  spe-i^ial  irire 
round   in  the   f^hape  of  n   spiral.  The   lightning  arrester  is 

placed   betreen  the   line   snd  the   choke   coil   so    that   the   ev.rge 
rill   find  an  escope   to    grotmd    and    never  reach  th.;    ■..;:^varatus. 
H07'erer,P.&lph  D.    I,:ershon,Tho  has  had  so?ne   successful  experiences 
rith   lightning  f.pv'aratus,  does  not  rororT-enc   the  use  of  the 
ehoKe   coil   for  tFO   rea^-ons;    narely,  first,  the   lightning  is   often 
of  lor  freouency  as  rell   as  high, and   it  rould  not  he  practicable 
to   constr'j.ct   a  reactance   to  prevent  the   lor  freouenc;"'  component 
from  getting  thru  to  the   apparatus   in  the  station;    and  second 
disturbances    are   apt   to    trise  v'-r.on    a  sritch  is   ooerated  and 
since  this  disturbance  rould  be  behind   the   ^hoke  coil  a  strain 
rould  result   in  the   insulation  of  the   various   -.Tieccs  of  appara- 
tus  in  the  generating  system  and   if  sufficient  rould    cause 
trouble.  This   could   be   done   ara^^  rith  b^^   cutting  another 

set   of  arresters  on  the   ap-oaratus   side  of  the  c^oke   coil, but 
t'^is  rould  be   expensive. 

A  static    interrupter  is   rcco~"ended  bv  the  restii:ghouEe 
Electric   and   Manufacturing   Oo.    for  dirinishing  the   surge   from 
the   line   to   the    arj-oaratu.s   in  the   ft-'tion.  The   interrupter 


differs   fron  the   sinplo   ohoKe   ooj 1   in  that   It   has    a  condenser 
in  series  v-ith   the   r?aotanoe,  an-"^  tetveen  the   reactsnce   sni? 
the  apparatus   to  "be  proteote?_.  The   interrupter   is   connected 

betT'een  the   apparatus    anP  Its    s-itch  so  that   surges   ''"ue   to 
an  opening  of  the   sTitch  ^/il-1  he   capped.  Thin   same   co'nroany 

olains  thpt   the   reactance   decreases   the   se^'erity  of  the   t:urge. 
However,  since   it  has   hapT-ened  in   Installations   having  these 
reactances   in  the    line   that    the   lor  frequence/  surges   have 
passed  thru   anc";    causer'   troul"le,the   chances   are   that   it  rnav  ^o 
this  rith   pjiy  other  set   of   '-'onc-itions    anc^   hence   its  use  rould 
not  te   recoirrenderi.  There    are   installations   v-^ere   the   choke 

coil   nss  been  used    and  no   trouble   ha;:-   arisen, but  vho   can  prove 
that  trouble  r.ight   have  happened  had  it  not  been  used? 

The  arrester  itself  is   conne'ted  to   the   line   at  a  pclnt 
just  before   th'?   outgoing  line   leaves   the  buJloing.  This 

connection   in  the   "."e^.tDnghouse   Lor-Equi^:alent   Arrester  is  made 
thru  a  sritch  so    that   the   arrester  can  be   disconneetec   from 
the   line    at    an"   time   and   j.nspectec^.   anci   cleaned.  The   sritch 

has   a  cast  iron  base  supporting  tro  high  voltage   insulators 
to   v.hich  the   svltch  jars   are   fastened.  The   switch  is   single- 

pole,  front-connecten    rnd   opened   b-"'  reans   of  a  hooK   attached 
to   a  '-"ooden  harir-le. 

The   arrep-ter  itself  consists   of   a  niu:iber  of  e-"-linders   of 
non-arcing  metal, separatee   from  each  other  b^^  an  air  gap   and 
placed,  in  series  ^-ith   a   lor,  almost   non-inrmctive,  resistance 
betreen  the   sritch   and  ground.  A   number  of  these   gaps   are 
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shunter!  "by  means  of  a  hirh  rive   v-ound  jresi.'.tc.nce  vhlch  tends  to 

(?.i'ar  out  the  arc  on  the  thunt  gaps,  see  Pig,  1, Plate  11.     The 

function  cf  the  se-'-let;  resistance,  In  connection  "-Ith  the  shunt 

resist.snee  after  the  arc  le  drarn  out,  Is  to  prevent  the  d^mamlc 

current  fror::  lolloring  the  oli;charge  for  nore  than  one  half 

a 
cycle.     The  vhole  piece  of  ap^oaratus  Is  csJlecl  .loT^-eoui  velent 

arrester  since  it  relieves  the  strain  on  the  c'.leleetrlc  of  the 
circuit  at  a  point  far  telor  the  allo-ahle  rise.     To  determine 
the  rating-  of  the  arrester  it  is  --.lace-  in  parallel  rith  a 
spe^ir-ll"^-  designed  needle  gap  and  the  distance  tetreen  ';he 
needles  is  adjusted  so  that  at  a  g-l^^en  strain  the  discharge 
just  fails  to  pass  the  nee-^le  gap.     The  distc^nce  hetveen 
the  Sevang  needles  is  then  taK.en  as  the  rating.     Since  this 
distance  is  a  mevsure  of  the  voltage  across  the  gap  it  readily 
shors  the  ..oi'r.al  line  voltage  for  vhich  the  arrester  v^as  design- 
ed. 

Tne  arrester  is  provided  rlt'r.  an  au:siliary  ga~o  Y:hich  can 
be  adjusted  until  the  rating  of  the  arrester  suits  sone  special 
conditions  such  as  the  nature  of  the  otiects  sij.rro'anding  the 
arrester,  the  line  capacity  and  voltage,  and  the  vrave  form  of  the 
generator.     Then  as  a  station  is  operated  for  sone  tine 
the  diele^'tric  strength  of  the  various  Kinds  of  insulation 
used  therein  tecor.es  less  due  to  constant  heating  and  this 
necessitates  the  cVirnglng  of  the  auxiliary  gap. 

A  lightning  arrester  is  ejcr-osed  to  high  voltage  and  irust 
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therefore  be  rell  insulatec  from  ground  so  that  the  c'lseharge 
rill  take  "clace  the  fiill  length  of  the  arrester.     The  Westing- 
house  arresters  are  mounted  on  :.^;artle  vith  a  Cieleotric  strength 
equal  to  that  of  high  potential  sritohhoarcTs.    I'artle  or 
trick  barriers  are  tvnlt  up  betveen  the  arrester  for  t'r.e   cif- 
ferent  chases  to  lessen  the  danger  of  a  '-'.Iseharge  betreen  the 
phases  direct. 

The  value  of  the  arrester  r^epends  ver-'.'-  greatly  on  the 
nature  of  groundling, '-hich  should  be  done  rith  as  fer  bends  as 
possible.     If  a  suitable  grounri  cannot  be  fou.nd  near  the 
arrester,  the  principal  ground  Bhoulo"  be  rnaffe  at  the  distant 
point  and  an  auj^lllary  groirnd  made  directl"  beneath  the  ar:i-ester 
to  a  pipe,  an'''  need  not  be  oomrolicated  or  expensive.     The 
principal  ground  s-iould  be  made  to  a  eo'oper  plate  covered 
rith  g?:'ound  lead  and  buried  in  fine  charcoal  "olaced  in  a  per- 
manent l"'-  damp  --^lace  in  the  ground. 

The  General  Ele-:^triG  Co.  builds  an  arrester  rl^ich  has  no 
series  resistance, this  being  considered  a  hindrance  to  the 
successful  operation  of  an  arres-ter.    The  shunted  gaps  have 
carborundiim  resistance  in  parallel  rith  them.,  and  their  mxmb^r 
is  one  half  that  of  all  the  gaps.    An  ad iv>; table  gap  is 
connected  to  the  Knife  sr1tch,and  then  the  thAxnted  gaps  and 
the  carborundum  resistance  are  connected  in.     On  the  throe- 
phase  svstem.  the  arresters  from  each  of  the  -Phases  are  connected 
together  and  a  nur.ber  of  gaps  are  placed  betreen  this  point 
and  the  ground.    Cee  Fig.?,  Plate  11.    This  t^rpe  has  been 
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inst&lled  ty  tno  Aurora  ElgJn  r?nci  Ch1o&.£0  Electric  Pallv^ay  Go. 
in  their  central  st^'tlon  at  Pate.via,  I"!  1.  The  reaton  for  the 
leaving  out  of  the  series  reslst-?nce  is  thp.t  cases  have  teen 
found  in  "'hich  c'llnoers  of  the  arrester  rere  melted  together 
V  ;-;ere  such  re£i  stance  r/as  used.    The  Co".Ti".^any  elairis  to  haye 
hed-  success  vithout  it. 

Another  t'""pe  of  arrester, '"hi 'u'l  seems  to  he  -"iving  as 
much  satisfaction  as  the  ahox'-e  mentioned  t'-oesjis  t^.e  horn 
arrester.    T'-is  is  a  sin;::le  gap,  in  contra-distlnction  to 
the  a.hove,?'hi  eh  are  r.ulti-gap.    An  example  of  this  t^pe  is 
found  at  the  Omtcirio  Porer  '1g  'r.  rlistributlng  station.     The 
arrester  is  located  outside  the  hul Icing  on  the  60000  volt 
feec'ors  anc  each  phase  is  sup-lied  vith  three.    They  are 
connected  as  shorn  in  Pig. 5, Plate  11.    The  first  gap  is  3" 
rith  a  carhon  resistance  and  ground.    This  carton  resistance 
consists  of  three  3"  cart;oru.ndum.  rods,.?  feet  long,anc^  connected 
in  r,e,T alle''.  The  second  gap  is  6",  anc  has  r/ater  resistance 

in  series  vith  it.     The  -ater  is  olaccd  in  barrels  set  heside 
the  vooden  pole  on  the  top  of  vhlch  the  ':,orn  is  fastenec". 
The  third  gap  Is  12"  and  has  a  copper  fuse  3»Xl/s"  in  series 
v.'ith  it. 

The  theory  of  the  horn  arrester  is  that  heat  gener.^ted  "by 
the  arc  produces  air  currents  '■•^-'loh  in  rising  tend  to  l  lov: 
out  the  arc.     The  fiel^  of  the  arc  is  at  right  angles  to  the 
field  around  the  horn  and  this  as  rell  tends  to  Irropi'  the  arc. 
Perhaps  the  latter  effect  is  the  greater.     If  one  gap  cannot 
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taKe  care  of  the  C'lbch'j-rge  th';^-  next  Iprger  in  F;ize  rill  offer 
a  seoonn  path,r.n""  if  this  is  not  sufficient  t'nc  thire  path 
f.^ill  be  tal^'en  sn^   all  three  paths  actinci  in  parallel  offer  a 
lo\"  ret J stance  path  to  grou-nn.     If  the  three  paths  fail  to 
out  aorn  the  ovnfrnic  cvirrent  it  ^;111  bloi^'  the  copper  fuse  on 
the  1?"  gap  anc!.  relieve  the  strain.    It  has  been  fovincl  that, 
v:here  the  f^.vnaraic  et^ri'^ent  surges  to  ground  ,s'^:^nc'rro nous  e-pparattxs 
is  throrn  out  of  step  'lik5    the  service  thereby  interj-upted. 
Also  in  tr^^ing  to  synchronize,  surges  ma"  be  t.tartecl  If  the 
apparatus  is  throvM  in, out  of  step.    Eence  the  necessity  for 
a  perfect  arrester. 

The  three  t-^'-pes  of  arresters  mentJonod  r.ei'-e   g:'"ve  more  or 
less  treul'le  and  have  -oroved  unsu.c.-^.essful  in  sor.ie  Instances, 
but  since  re  have  found  them  so  generallv  user, re  think  it  is 
an  indication  that  th.ey  are  a  great  help  in  taking  care  of 
static  cUsturbances.     A  disadvantage  of  the  last  tvpe  of 
arrester  mentioned  might  be  that  it  has  to  be  installed  out  of 

doors.     Horover  'Ralph  D.    Mers^on  states  th?t  in  tine  re 
shall  find  it  the  practice  to  jnstall  more  high-tension  appara- 
tus out  of  ^':oors.    It  soemiS  reasonable  to  him  that  even  the 
bus  b?rs  since  thev  are  similar  to  a  feeder  :-av  be  installed 
out  of  doors  instead  of  cram.ped  into  one  corner  of  a  luilding. 

A  micthod  rhich  has  given  alr'.ost  po j.-^fect  "^rot notion  of 
v:ood  riole  transmission  line's  against  atmos-';iheric  electrlcitv 
is  that  of  carrying  one  or  r.ore  ground  T'ires  above  the 
conductors.     These  ground  rires  relieve  the  static  strain  on 


■g. 


the  line  &.nc'    f'mount   tc   the   sr\rne   thing  «s  placing  the   conc-uctors 
un(?ergrounc^.  This   seems    to  he   the  proper  rriethoci   for   solving 

the  -orotlem  of  lightnin?-   phenorr.ena  c-ue   to   erternal   r'l eturtances 
It  loops   ov.t   £.11   influences  v'.~lle   other  rr.ethocls   ?."' Toy:   the   c^iis- 
turt.ance      to    t&Ke  place   an'"'   then  tr^^  to   get   rid   of  its   effect. 


SELEGTIOII  OF  IlinTRUMEiJTS. 
The   selection  of  instriiments  for  neterlng-  the  currents  In 
pol"'':^^8SG  s'^-'st en.  "--?.£  reoelvec.  co  n&ldere..:  le  pttentlon  l?.tely 
&nd  sone  very  interesting  eonclusions  have  been  d_ra';'n.     The 
requlrerients  first  for  inclc&.ting  instruments  are  as  follows: 

1.  Ao-urac^  to  r^ithin  2'jo   for  all  conc'itions 

2.  Long  Scale 

3.  Lead  Beat 

4.  nuffleient  capacity  to  pre\-ent  overloads  froin 
senr-inc;  the  neec.le  off  the  scale. 

The  accuracv  of  intef-rating  -pttneters  should  be  even 
better  th'-n  2^.  This  subject  vill  be  treated  r.ore  in  detail 

later.     Th'-;  'luestion  of  capacity  is  of  considerable  ir.i'-:^ort- 
ance.    An  instr-unent  rhere  the  needle  is  constantl-'-  near 
the  zero  ■')osition  is  of  little  use  vhile  one  of  sufficient 
carpacity  to  allor  for  all  reasonable  overloads  is  necessary. 
Greater  overloads  are  carried  by  street  railvay  "olants  than  by 
lighting  plants  an':''  hence  the  neGesGit:,'  for  large;'  capacity' 
ariiueters  and  in'-"icating  rattmeters.    The  usual  practice  is 
to  have  the  needle  renrin  at  about  l/2   or  ?/3  scale  for  noriAal 
operation.    The  scale  on  most  svltchboard  instruments  for 
alternating  current  is  not  unifornall-'^  divi'-'ed  pnd  cannot  be 
due  to  the  princiT^le  of  operation  and  hence  ver'"'  lov  readings 
are  valueless  ^'ue  to  the  close  f^vis^ons  on  the  scale  near 
zero. 

The  errors  that  reax-ings  of  instruiTicnts  are  subject  to 
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are   as  folloy:s: 

1.  Errors   resulting  froa  ineciic.nical  causes, as 
friction 

2.  Errors  resulting-  from  electrical  causes,  as 
hl"ptersis  and  edc.v  currents. 

3.  Errors  in  calltration 

4.  Errors  in  reading,  c.s  parallox. 

These  rill  nor  re  conkicer-'Cl  in  general  in  the  orcier 
mentioned.    T'ne  fT^iction  losses  are  a  vrv  important  factor 
In  the  selection  of  Instruments.     Thev  may  ceu.se  p  5  to  10^/^ 
error  "out  '"ith  "oroper  care  ti-ls  loss  may  te  recucec  to  1  or  2';-;. 
T'^^is  Is  a  constant  loss  for  ■."'hich  compensation  may  te  m.ade. 
The  force  actuating  an  Indicating  instrum.ent  of  an-^  Kind  is 
less  than  one  ti-^ousandeth  of  a  foot-pound,  so  a  very  smiall 
amount  of  friction  vill  cause  a  great  error.    One  case  was 
noted  rhere  a  certain  set  of  generator  wattmeters  and  feeder 
V'attmeters  rarelv  agreed  by  5j^  pivl   v^hen  the  bearings  rere 
chenged  to  cupped  diamonds  the  error  vr&s   reduced  to  1.5v)  Trhich 
shows  that  the  friction  s''0uld  te  m.ade  a  m.inim.umi. 

A  device  Is  used  cy  the  Liam.ond  Meter  Co.  whsrety  the  gear 
driving  the  recording  miechanism  revolves  the  hefirlng  and  thereby 
Icccps  it  centered  at  all  tim.es.     The  loss  due  to  friction 
a-oplies  more  particular!^'  to  :"ecord1ng  instrum.ents  than  to  in- 
dicating instrumei.ts.     The  quality  of  the  springs  used  as 
restoring  forces  is  another  factor  in  the  stability  of  the  in- 
strument but  little  difficulty  is  experienced  nov'  along  this 


line.    The  s£-ine  i-.z-   tn\e   "-J  th  hvsteresis.     Bor.e   InBtrir.ients 
have  no  restoring  forces  at  all, as  soine  t-'-pes  of  porer  factor 
Indicators  anc  integrating  rattmeters.    The  i-icration  of  the 
svltchtosTcl  effects  the  friction  anc  periiianencv  of  the  inr-tru- 
ments. 

?he  question  of  strE.v  fields  Is  an  Inportant  one  in  the 
ac^uracv  of  instr^jirients.     i;o:"ever,  as  all  s-ltchlof/ja  instru- 
ments  ere  eneloser  in  a  soft  Iron  case  the  effects  are  to  a 
cert?:ln  extent  nev-trallzc?.     The  error  due  to  a  rire  cari-yin^ 
1000  amperes  -olacer  one  r.eter  fro':::  the  case  rets  onl*'  .  5';^  on 
maxlnun  ^^eflection.    This  is  negllgltle  T-hen  the  u&-v.al  lo- 
cation of  bu.s  hars  Is  consiri.erccT. 

The  periodic  testing  of  Instrirraents  Is  the  onlv  v-^y   to 
maintain  met^r  ac-nrac^'-.    Some  means  should  he  provided 
rhereh^r  this  can  be  ^-one  easil-^'.    The  v.se  of  instrument,  trans- 
formers greatl':'-  facilitates  the  calitration  since  the  series 
transformers  are  pro'.'lried  -^^ith  short  circuit  plugs,  anc  the 
potential  transfoiTners  '"1th  tro  disconnecting  G-'lt::hes,    It 
then  rei, elves  itself  into  removing  an  Instin.iments  from  a  Iot'- 
ten:-ion  circuit  for  calloratlng  --"-en  instrument  tranGfo2m'-;ers 
arc  used.     Too  little  attention  in  the  past  has  heen  paid  to 
this  feature,  and  oftentim.es  it  is  nearl-"-  impossible  to  remove 
an  instrument  for  testing.    Again,  if  the  instnvments  are 
rempved  an^:^  taKen  into  the  laboratorv  unr-cp  i'"eal  conditions 
some  of  the  deteriorating   effects  are  -removed.     The  most 
advisable  scbeme  is  to  have  ^lugs  to  Insert  the  st-ndard 
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InstruiTiants  into  clrc-iilt  fo:"  testing:":  --hi  le  the  inf-trur.ent  is 
left  under  norTnal  operating  conditions.     Tliis  scheme  is  used 
at  the  9nt-''rio  Porer  Co  's.  Distrilouting  St£^.tion.    The  Tuarking 
of  scales  must  he  ver'^'"  t-.c curate  or  contid.crc.tle  error  v?&.v   creep 
in. 

The  x'firious  damping  methods  to  chtain  dead-  teat  instrT,rrn,ent& 
Lelong  to  three  classes;  vescoslty  of  I'' quids,  resistance  of  air, 
and  ed.^'v  currents.     The  latter  is  to  te  preferred   as  it  is 
x^ery  satisfsetorv  and  does  not  include  sjriy  additional  ap'oaratus 
to  increase  friction.    It  is  a  r.ethod  too  that  is  alnost 
unix'^ersal''-"-  use^'  in  alternating  current  instr^-irnents. 

The  choice  of  scales  and  pointers  shot;ld  he  given  some 
attention.    For  ver*'  accurate  reading  the  use  of  a  small 
'oointer  and  mirror  is  recessaiy,rhi  le  for  nearly  all  s'ritchhoard 
v'ork  a  plain  pointer  and  a  scale  th- 1  can  he  read  for  soric  dis- 
tance are  desiratle,as  nev.rl-'.'-  all  readings  are  taken  qui  chl-"- 
and.  ap"oroximiatel"''  In  a  great  r.anv  cases  mhile  the  operator  is 
not  "-ery  near  the  instrument.    The  scales  on  some  of  the 
V.'estinghouse  instrimionts  are  14"  long  and  suDtend  an  arc  of  500 
fiegrees. 

There  are  various  t-^^pes  of  alternating  current  instru.m.ents 
on  the  market.    The:,'-  can  be  divided,  as  follors: 

1.  Induction  Tvpe 

2.  Electrostatic   T^'ve 

3.  Iv:ovaU3;eIron   Tvpe 

4.  .Dyneinometer  T-^^oe. 
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Since   the   eleotrost&.tic   t-:rne   is   not  use:'   <?.t   all  for  sv'itch- 
toarci.  vorK,rG  r-ill   conslc.er  the   relative   acivantageB   of  each  of 
the   remaining  types.  First, ve  rill   oonsic'er  the   conc-.itions 

in  the   circuit   r:hich  ^--ill   affect   the   ac-:'uraev  of   in&tri-ments 
in  general.  The":'-   are   variation  of  "oltage,  current,  :::0"'"e  r- 

f  e.ctor,  freq-'-ency,  V  ave  form,  and  an^'-  comti  nation  of   the   atove. 

The   in-"uction  tvpe   is  tised  partlniiiarlv  in  integrating 
'-•at  fi  fie  tars    and  is   vary  satisfactory  in  general   anc'  vhenever 
an  integrating  T-attr.cter  is   ^o   re  used,  it   is  pref  eral  le   to  use 
the   induction  type.  This   indu'tien   -orinci'ole   is   also  T.ade 

use  of  in  anneters ,  vo Itmeters ,  and   1  ndic ating  i- attneters ,  parti c- 
ularl--^  hv   the  "'estinghouse   Electric   and  Manufacturing  Go.    in 
their  sritchhoard   instru-n'^nts.  The   induction   t^.^pe   of  instra- 

rnent    is   ver^  little   affectec'  bv  variation  in  rorer  factor  and 
the  ■wattmeters   are   fairly  accurate   for   a  10^:>  variation  in 
voltage.  The   cor.r:.on  tendsnc-'7  of   all   integrating  inst:?firaents 

Is   to   v-eac:    low.  Tests  have  beeu.  carried  on  rhich  sho^T  that 

tv;o   to  four  times   as  majiy  read  slo"  as  faet.  This  is, of 

course,    r'ue   to   the   o'anping  action  of  friction  anci    is  more   par- 
ticularly true   on   light    loads.  The   induction   t^^pe   instrtum.ent, 
hov-ever,has   the   disac'vantage   of  var-'nng  conaider^xly  rith  fre- 
quency,tut    this   otjcction  is  otviated  to   r    certain  extent  te- 
eause   the  freoucncy  of   a  given  supply  is   helc-   ff-irl--  constant 
at   all    times   and    these   t^pes   are  p;-'0videri  rith   aciustatle   coils 
to   compensate   for   chenges    in  this   frecuencv.  The   shape   of 
the  rave   form  ef:''ects   the'.A  also.           The   presence  of  higher 


harrr.onlcs  oaus'^s  the  pressure  of  'Mp:!!  freouency  currents,  anc 
this  cUsturts  the  "quadrature"  of  the  oi;rrents  in  the  "oresture 
anc.  series  coils  for  unJty  po-rer  factor.    It  is  Interesting 
to  note  the  se^-eral  v-a7.rs  of  Lringlng  the  current  in  series  and 
prosr:ure  coils  in  quadrature.     The  Ferranti  Meter  acco::i::'li&hes 
this  1^3^  rotating  the  series  coils.     Others  secure  it  u^'  rceans 
of  short  circulteo  coils   on  the  series  core.    In  g:eneral  're 
find  the  induction  tiroe   very  satisfactory;'. 

Movable  Iron  Instr^inents  are  of  three  types  as  regards 
construction: 

1.  Sinp;le  Koving  F.ass 

2.  A   fixed  nass  of  iron  attracting  or  rcoeiling 
s   moving  nass 

3.  A  corAination  of  attra'-ting  an^"  repelling  irons. 
The  second  clas?  is  the  r::ost  in-oortant.     The  errors  in 

this  type  of  Instrur.ent  that  are  not  corfron  to  all  others  are 
traceahle  to  the  h^stcrsis  of  the  Iron.    This  is, however, not 
present  in  alternating  current  instrurr.ents.     The  effect  of 
stra^^  fields  is  negligible  here  "ceoause  of  a  fairl^'-  strong  field. 
The  error  nay  he  about  ,25'^f   for  a  bar  carrying  1000  amperes, 
placed  1  Meter  fro:.-  the  instrument  rhich  is  enclosed  in  an  iron 
case.     The  ^hape  of  the  r'ave  form,  ho  ■"ever,  has  conslderatle 
effect  on  thi^  t-"pe  of  ln?^tin;.ment;  soraetlmes  es  much  as  lO'^j. 
This  can  be  reduced, ho'-ever, by  using  a  lor  flux  density  ane  a 
small  cjr-oss  section  of  iron  in  the  instrument.     The  effect 
of  change  of  frequency  cui  also  be  Kept  dovTi  if  the  cross 


section  of  t^.e   iron  te  rn8.':"'e   small.  One   cravb&cK  that  vas 

pre^'iousl-^  menxionec  le   vevz''  Iripor-tant   l^ere;    that   of  the   erar.p- 
Ing  of  the   scale   near   sero.  The   daripjng  of  soft   iron  instru- 

ments   c-ar.  :i0t   advantageovnl'^'  te   aoeo!rr"il:' shec:  tv  eScy  currents 
on   account   of  the   affect   thece    latter  have     upon  the  .~oring 
iron,  conseciu.ently  the  test  vis.-'j^  is   to   depend"-  upon  the   vieo&ity 
of  oil. 

Dynar.-ioriieter   type   intvtruraents  '/'ere   pei^fected  tecaupe   they 
could  he  u-seci.  equallv  rell   o::   alternating  or  ciirect   current, anc 
the   indications  v."ere   Inc'epen^'ent   of  freouency  on  alternating 
current.  Thev  are, however,    affecter"   by  stray  fields  because 

of  the  T-eak  field   employed   .  They   reqiaire   a  phase-si^litting 

di^'ice,   vhen  usee;   on  alternating  cu.rr-cnt   as   ■'/oltneters   or 
ammeters. 

A  fer  considerations   as   to   the   r.orer  consv„':rption  of   the 
various   tvpes  of  i  nstrum.'i^nts   ■■"111  be  valuable   as  they  directly 
affect   the   econor.y  of  operation.  The  table  belo"'  gjves   some 

results  obtained  b-^^  Edgcumb   f-  Punga  of  England. 

Instrvm.ent.  Po'.-'er   ConsnmptJon. 

Mo'<n.ng  Iron  Voltmeter     200   volis 
"  "      AiT.'-eter  100   am"oeres 

I  nduc t  i  o n  Vo  1  trie  t  e r 
"  Am-m.eter 

Dynamometer  Voltmeter     200  volts 

"  Amr^eter  100   ajaneres 

There   are  three  general   t^pes  of  iivattaneters   In  use   e.i 
folloFs: 


10  ■ 

\7att; 

3 

" 

5    toS 

II 

5    to8 

" 

10 

II 

50 

II 
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1.  Dvnamoineter  Type. 

2.  Iri'-'uction    " 

3.  Hot  "^ii'e     " 

The  t'-lrc  class  Is  ver^'  little  used,  anrl  Is  not  found  at  all 
j  n  sri  t  c  rt  o  arfi  us  e . 

The  c^maniorneter  fi^e  Is  ver^''  satisfactor'^  for  accurate 
vdTvi   as  an  ind_i eating  instruraei'it  tut  as  it  necessitates  the 
use  of  some  coirinutating  device  on  integrating  instruments  it 
:e  not  advisatle  to  use  it  in  this  connection.    The  induction 
t-pe  possesses  the  same  d.isad.vantage  in  regard  to  frequency', as 
the  induction  t^'pe  voltncter  -"-.nd.  er."eter  "oreviously  nentioned, 
and.  hence  it  is  practical  onlv  v.^here  the  frequence'-  is  constant. 
The  torciue  depends  almost  directly  upon  the  frecuency  and  hence 
a  change  from  40  to  63  cycles  ms^y  mean  an  error  of  15Sj  or  20jo. 
This  however  can  he  compensated  for  so  that  m.eters  of  this  type 
can  be  depended  upon  for  accuracy  to  rithln  I^j. 

Pover  fpctor  Indicators  until  very  recently  vere  construct- 
ed only  for  tTTO  or  three-phase  rorlc.     These  vcrc  essentially 
a  comtination  of  tro  vattmieters.    The  General  Electric  tvpe 
has  tro  series  co:'ls  "olaced  so  that  thev  surround  a  pinion  on 
"'-•^ich  are  mounted  tvo  pressure  colls.     These  pressure  coils 
are  so  niaced  that  ordinar:'^  variations  of  porer  factor  rill 
give  a  sultatle  scale  deflection.     The  "/estinghouse  Electric 
and  Manufacturing  Co.  tiso  tro  series  coils  and  one  pressure 
coll.     The  Tjorer  factor  Is  indicated  ty  an  iron  vane  rhlch 
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taKes  up   a  position  ne^oeiiuent  upon  the   position  of  the   resultant 
field.  Thete   inBtrunients   IndJoate   the   average  porer  factor 

of  the   systein  anr"   not   that   of   anv  one    vhase.  There  is   a 

single  "ohase  poT'er  factor  iiicijcator  receritl-'^  ■>laGeC'  on  the 
narhet  hv  the  IVes'tinghouse  Electric  and  Manufacturing  Co.  , 
and'  it   gives   fair  satisfaction. 

The   various   st-les   of   s-'^nchroscopes  yill  he   dealt  v:ith 
nor.  The  use   of  lamps    as   a  means   of   s^mch-'-onlrlng  ras 

mentioned  pre'^iouslv,  and   needs   n^    discussion.  Thev  are 

usually  ffioi.-'.nted.  on  the   generator  panel  near  the   top  ae->onpanied 
by  a  suitatle  plug  fcelor  the   instrurrients.  The  use   of  sorae 

type   of  s^nichroscope   is   ad.v^sahle   in  the  najority  of  cases. 
These   are   indicating  instr'anents   siiuilar  in  operation  to  "'ov'er 
factor  r-cters  tut  more   poverful.  The-"-  ^"ill   revolve  rith  a 

speed  equal   to   the   difference   in  speed  hetreen  the  machine   to 
be  s3-nchron1  ?ed   and   the   one   already  ramni  ng   and   if  pro-oerly 
connected  shor  which  is   fast   a.id  rhich  it--  slow.  Thev  are 

usually  locate'^   in  some  prominent  place  if  a  separate  one   is 
not    installed   on  each   generator  panel.  Thev   are  made   in 

la-'-'ge   sizes  ^'ith   a  dial   16"   or  18"    in  diameter  vhen  designed 
to  be    out   on  a  bracket   or  on  top  of  the  bo-rd. 

There   is   an  automatic   s^'nchronizer  ma-'^'e  b^^  the  Westinghouse 
Electric   and   i.Ianufacturing  Co.  ,T'hieh  should    ^-^;ive  satisafctlon 
if  conditions    are   such  that   it   can  be  used.  Referring  to 

Plate    12  -■^i  •■■h   is   a  diagram,  of   the   autom.atlc   sunchror.i  zer  re 
see   to    the  left  the   two  -machine   circuits   connected   to   fne  bus 
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bar.  The  s'-nehronl  zcr  itself  consists   of  tv;o  solenoids   acting 

on  cores   "niiing  on  the   o;o"_jOBlte   ends   of  a  rocker  arn.  The 

solenoids    are   so  rounc!    that  v^hen  there   is   no  phase   difference 
or  rhen  the  rriach^'nes    are   in  s-mchronl^'m, the   solenoid  at    the 
right   is    dorn,and   ^.^'hen  thev  are   ezactly  in  o:'Oositlon  the   left 

one   is   ciovn.  Thvis,v'hen  one  naehine   i-ims   faster  than  the 

other, this    solenoid  oscillates.  The   contact   for  the   operation 

of  the    auxiliary  rela'^  is   closed    at   a  pre-deterinined  tine 
before   the  right  hanc"    solonoici    is   c^ovn.  The    dash  "oot   on 

the   ap:oaratus  prevents   the   closing  of  this   contact   if   the 
machines   are   too  rr.uch  otit   of  s-^—ichronlsm.  The   auxiliajn- 

rela^^  is  used   to   avolc^    the  necessity  of  carrying  the   contacts 
of  the  rnaln  closing  circuit   to   the    s-inicrronizer.  A   study  of 

the   connections  rill   sho?"  the  niethod  of  operation.  It  v-m 

be   seen  that    the   rr.ain  si'/itch  can  be   closed  or  opened   regardless 
of  the  position  of  s-"-nchroni  zer.  In  general,  the  machine  rill 

be  throrn  In  rhen  there   is    a  c'lfierence   in  speed  of  one  beat 
in  4   to  7   seconc'E.  The   tJr.e  before   s-'-nchron1  srn  at   rhich  the 

contacts   close   can  be   regulated  3:or   the   speed  of  operation  of 
the  various   t'-pes   of   srltches. 

around  r".?.tectoT^s   are  used  consirierr-bl3'-  anri    c,  r'ord  as   to 

their   operation  rill   be   valuable.  The^   are   connected   to 

the   line   thru  conr-ensers   onlv  ano"    therefore   do   not   need   to  be 
protected   for  high   voltage.  The-^  act  b^^  static   charges, so 

that   the  ne^-dle    is   repelled   frow  the   grouncec    line.  A  three- 

phase   instruuient   is   con£t3-u--ted  by  the  "'estlnghovise  Ele^'trie 
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and  Hg.ni;if acturlng  Co.  If  case   slngle-yhsse   instrtinents   are 

user",  in  three-phaee  vorlv,tT'o   only  neec^  te   inttallecl.  Great 

care   is   reoulrec   in  tl-e    Iccstion  oa"  the  Y'ires,anr:'   for  this 
reason  the   instrament   occasj-onslly  is   not   put   on  the   sv-itchboard 
tut  on  a  s^n'tatle  "ornel  near  the   outpacing  Irenes.  The   con- 

densers  for  the    grounc!.  detectors   cen  he   i^lacec   near  the   light- 
ening arrester  just  fcei^ore   the   li'nes    leave  the  hulldlng. 

There   are   three   general   t-i^pes   of  instrunients   in  use   on 
sritchhoards;n?-'iel-'% the   "--.ori^ontaljedge^'isc   T^rpe  H,marle  "by  the 
General   Ele^-tric   Co.;    the  vertica-    edg-erise   T-'/pe   I, made  hv  the 
V'estine3iouse  Electric    and  Manufacturing   Co.  ;    ?nd  the   general 
round  pattern.  Each  tyoe  is  satisfactory  to  such  an  extent 

that    recorrxiend&tion  v.lll   not  he  made   in  favor  of  any.  The 

room  on  the   sri tchhoar-:'   i^    a   deteiTi_ining  ffctor  in  the   choice 
of   the   t-'^pe.  The  round    pattern,  as  perieete''-  b"".^  the   Y.'esting- 

house  Electric   and  Llanuf  acturlng  Co.,  is  used  on  their  instru- 
liient   pedestals  rhieh   ere   recoi^inended    later.  It   has   large 

open  scries  ^"hich   subtend  an  arc   of  SjO   degrees.  The  pointer 

is  long  ant?  plain  and,  altogether,  it   is  very  sstisfactory  in 
this   connection. 

The  location  of  instrur^ients  on  the   s'-itchhosTd  or  control 
board   is   a  matter  oV  considerable   inncrtance.  The   voltraeters 

are  usuall^-  placed  on  each   generator  panel,  and    the   svnc'^ronizing 
voltmeter  is  placed   on  top   of   the  board  or   at   one   end  on  a 
brachet   near  the   s-'-nehroscope.  The   anreters   are  usually 

placed  at    the   top  of   the  panel   of   the   res-oective  feeder, 
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generator,  etc.     The  flelc  ameter  is  t'-en  ■lEoeo   l:elov;  tl'is 
on  the  generator  panels.     On  the  feec^er  p^^nels  the  am.eters 
are  sorr.etlnes  ^.laceri  one  under  the  other  lait  this  depencs  vipon 
the  shape  or  the  Instrur-ent  u.sed. 

As  ras  prevlousl-"-  stated  the  shape  of  the  InBtrunenf  is 
the  determining  factor  in  its  location  and  this  '"ith  reference 
to  plugs,  sritches, etc.  rill  he  treEited  under  srntchboard.s. 


INvSTR'JMENT    TRAN8?'0RMERS. 
Potential. 
Potentlf.-.l   trf  nsforriers   are   not   essentially  dlfierent   froin 
fhs  oViWr'TY  trpns former.  The   principal  difference   is   that 

the   exciting   ouirrent   is  pr^o-ortione]  ly  greater  rhile  the   load- 
Is   oor.pEiratlvely  small  for  the   size  of  the   transformer.  The 
Inductance  causes   the   eiirT^ent   In  the   BeconclaDr-^^  to   lag  sorneY:h8t 

tehlnd   the   current    In  the   prlrnrr^'-.  Thiy  vill   cause   an  error 

in  ^'Bttmeter  rear;: ngs, tut  '.-ill  he   oonslC'erec^   in  'Connection 
rith   series   tr'-nsforners.  The   excitation  of   this   transformer 

causes    a  drop   in  the   voltage.  An  example   cited  ly  J.n.    I-Iies 

in   a  paper  on   "Polyohase  Metering"    read  before   the  Amierican 
Institute   o"    Electrical  Enr;ineers   Is   of  a  200-v\att   transformer 
Fith   10'}0Q  '-olts  primary  and   100  volts   se^^ondary.  The   imped- 

ance Tjould  l.e   about    1000   ohr.s   or  a   drop  of  200   ^'olts  rith  full 
load  current.  This  v:culd  mean  an  error  of  2<.,but   since   this 

is    a  "Vectci;al   subtraction  the   error   is    about   1.6'^p.  This, 

hov.ever,for   a   certain  nuiater  of   instruments   on  the   transformer 
can  be   comipensated  fo-»'-   in  the   ratio   of   the  bindings.  As   a 

rule   the   "ootential   transfoi-mer  can  be   dcoended  upon  for  aocurac-"- 
to   '.'Ithin  I'yj.  The  cjuef  tion  nor   arises   as   to   the   number  of 

potential   trsnsform.ers   to  be  used,  and   on  vhat   potentials   they 
are   to  be  used. 

The   sE'fety  of  the    attendant   can  not  le  oyerestimtted  while 
the  cost   of   installation   is    also   of  great   Im.portance.  They 

should  be  used  for   all   volt&ges   over  750   since   standard  sritch- 
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'boar'?.   Instru-rnentt   for  hl£-hcr  volt-e.[;cs   rro   not   ol-ta1r.a"rls  vltliout 
the  use  of  tr::n:. formers.  In  general  one   set   of  potential 

traricfomers    is   sufflnlont   for   eaon  generator  for  relays,    volt- 
meters, anc.  vattneters    if  puch  transformer  Is   of  pro^ner  size. 
The  relays  using  potential   oi::aiiJt&   operate   veiT   selcom  and 
the   installation  of   a   separate  potential   transformer  1;-   not 
advisalle.  One  iiust  he   inst&lleri  on  the  tus  tars   if  f-e 

volte.ge   of  them  is   to   le  measured.  If   a  r^^ttmeter  is   to  he 

used   on  the  feeder  this  iiay  or  nay  not   neces.-itate   the  use   of 
an  acvjtional  ""otentJal   transfo:-"m.or.  The   cost   of  Installing 

such   a  piece  of   sPparatus   is   very  expensive   espeoJaIl\^  on  high 
rolta.ges,  rnr    the   one   on  the  tus  hars  ril].   rervc   if  no   T'oltage 
regulators   are  usC   on  the  feeders.  Tl.ey  should    in   any   case 

he   located   on  the   lor-tenr. Jon  side   of  the   transformer  vrhenever 
possihle. 

The  location  of  the  potential  transfODTiers   is   of  oonsider- 
able  importance.  Tlney  >.ave    to  he   very  veil   insulated   to 

avoid    all   posslbjllty  of   &   short   eirc-uit   or  a   ground.  P.cferr- 

jng  to   Plate   4  re   see   the   '-ell   for  the  potential   transformicr, 
in  the  form:  of  a  hriek  compartment   .-just   in  front  of  tl^e  gener- 
ator oil   s-itch.  In  the   Tv:ln  City  Porer  Go's.    nt^.tJon  shorn 
in  Plate    5   the  potential   transformers   are   in  the  tus  tar  struct- 
ure under  the  tusses.  The   secondr-ries   of  the   potential 
transform.ers   should   alrays  te   £'rov.x\c^e'-l  to   protect   the   attendant. 
Por  three-phase  rorlc  thev   are  usually  connected  open  delta, 


Y;hlch  necessitates   the  use   of   onl-"  tvo   for  p.  set.  Fuses   are 

always  placeci.  in  the  primary  le?ds   to  "protect   against   a  short- 

ClT'-Llit. 

Series. 
The  series  trajis former  is  essentially  (Uffercnt  frovr.  the 
potential  transformer.     If  the  prir.ary  current  i:e  constant 
the  secondary'-  pressure  on  o"oen  circuit  rlli  be  pro'^ortlonal  to 
the  freouencT'-,but,  If  the  secondar-^^  he  -holl'''  Incuctlve,  the 
pressure  v-m  he  Independent  of  the  freauency.    If  the  magnet- 
ising ctirrent  he  kept  small, the  ratio  of  the  "orlmary  ano 
seconrlar^'-  cur_^'ent  '-ill  he  practicallv  constant  for  all  loads. 
In  the  rieslgn  of  a  current  transformer  the  follov'lng  points 
m:Ust  be  em.phaslzed. 

1.  Iron  of  the  highest  auallty  used. 

2.  Magnetic  circuit  short  and  as  perfect  as  possible. 

3.  Total  ohmlc  resistance  of  secondarv  as  lor  as 
"oos;-.lble. 

4.  Klgh  self-in-uctlon. 

Series  transforruers  on  the  marhet  today  cen  be  depended  upon 
for  ac-^xiracy  to  --Ithin  1^/j  for  nearl^^  al]  loads.     The  angle  of 
phase  dlsplacer.ent  betreen  the  current  In  the  primiary  and 
seoondcTy  is  of  great  importance  "7hen  rattmeters  and  oorer 
factor  in^'icators  are  con:iected  to  the  transformer.    Kov."eyer, 
as  this  angle  is  In  the  same  dln-ection  as  that  in  the  "ootential 
transform.er,  the  resultant  angle  betreen  the  ti"o  secondar^r  cur- 
rents Is  not  far  fromi  that  of  the  prlmar-^'-  current  and  pressure 
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and  need  not  inti'OT'uee  a  serious  error.    The  use   or  more 
th£in  one  piece  of  a'ops.ratus  on  &  series  transforraer  is  not 
advisable  for  the  present  t-'-pes.     They  are  Designed  usiialli'' 
fo^'  five  anrpercs  on  the  cecondarv  for  full  load  on  the  primary 
and  any  increase  or  dcorcssG  in  this  i-e. tio  vill  introdu.ce  an 
error  in  the  instruments.     Hore"-er,v^e  find  that  this  iDractice 
is  not  adhered  to  strictl^-.    It  is  usual  practice  to  feed  an 
anmeter  and  vattrneter  from  the  same  set  of  transformers, "'hi  le 
the  relays  employ  a  separate  set  in  nearlv  all  cases.     The 
resistance  of  the  cor-rrion  return,  in  case  of  a  set  of  tuo  series 
transformers  on  a  three-phase  system  diroctlv  introduoes  an 
error  in  th?  readinfc  equal  to  the  I*'E  loss  in  the  return. 
Therefore  jf  this  is  usc^f'-e  resistance  rAist  he  as  lov"  as 
possible.    The  effect  u"oon  series  transformers  tv  stra-  fields 
is  an  important  one,  as  the  ^orimary  am.pere-tiirns  are  ver-',^  small 
and  the  effect  of  d   5-tray  field  is  consideral-le.     This  \^'eaK 
field  also  prohibits  the  ^niF.cing  of  tro  sets  near  each  other. 
In  case  series  transformers  are  used  to  operate  relays  they 
sho^ild  alvays  be  placed  on  the  line  side  of  the  s^;-itch  they 
operate  so  that  any  trouble  ctiused  by  the  transformer  itself 
17111  be  cut  off  i^'-en  the  s^"  itch  o;oens.    This  rill  hold  in 
general  for  series  transformers  vlierevcr  there  is  a  choice. 

Series  transform.ers  need  not  be  confined  to  "'Igh  potentials 
as  their  use  greatl-'^  simipllfies  the  main  ^''iring.     They  are 
advocated  for  cur"''ents  of  2:0   am.peres  or  over  and  should  be 
used  in  connection  v-ith  "ootential  transform.ers  for  all  voltages 
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over  750,^,ch&tever  the   current.  For   ("airrents   of  800   airrperes 

or  over  they  are  nac'e   to   slip  over  the  tus   car,aric]   in  sor.e 
cases   are    split    nnd  can  be   clanvped  on  ^"Ithout   access   to   an 
enc:  of  the  tus  bar, tut   this   is   not   advisable   as   the   .joint   is 
liable   to   increase  riagnetic   relucta.nce,rhich  is   not   desirable. 
The  location  of  series   transformers   is  not  of  as  intich   jranortance 
as   that   of  rctential  because   the-"-   f,,re   onl'-  in  one    -^hase  of   the 
line,anr-,if  the  transforraer  itself  is  pro'-^erly  insiilater!,  the 
transformer  can  be  h\ni2'  on  s.  suitable   insulator  right   in  line 
with  the    lead  to   ~h1ch  it   is   attached.  They   are  usually 

placed  on  a  vertical  portion  of   this  le-^ao.  Reference   to 

Plates  4,r,&nd  S  rill   shoT'  this  under  various   ecnc'jtions.        The 
seconcSar^f  of  these   transforriers   shoul-:  be   groun'-'ec    on  the 
■oroper   side  Y'ith  reference   to  th?    'ootential  transformers. 
!v!eries   trf). nsforr.ers   are   not  of  rtnorrnal   size,  P   fe'"  dimen- 

sions belor  ^'ill   shor  the   sp?ce   reculred  for  their  installation. 

?^estinp;house   1\rpe   E  for  potentials  not  exceeding  P4000. 

Lenp;th  ?8" 

Vfidth        7   s/4" 

Lerth      11" 

Westinr:house   Type   C   for  potential  not   exceeding  2400 
(Slip  over  Bus  bar) 

2000        airiperes   capa-itv 

Length   8" 

"'idth     8   l/4'' 

Depth      ^   2/4". 
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S^riTCKP  CARDS. 

It  Fill  te  test  ot  fijr-st  to  take  v.-o   tne  locatior.  of  the 
sritch'coE.rc'  c.nd  then  to  select  the  tvpe  board  to  te  used.    In 
general,  in  large  central  stations  rhere  there  are  not  r.iore 
than  three  or  four  machines, or  inhere  there  is  not  a  great  deal 
of  attention  required  for  the  operation  of  the  sY-itchho sTd,  it 
is  Yor-y   det-irable  to  have  the  L-.-itchcoord  on  the  engine  room 
floor  so  that  an  oiler  or  attenr^ant  ebout  the  machine  can  attend 
to  the  hoard.    This  roulc'  then  give  econonr,^  of  operation. 
Of  course,  such  an  arrangement  ■^ould  not  te  re comime ne'er'  v  here 
the  attendant  y-ould  have  several  feeders  to  attend, since  his 
attention  Y/ould  have  to  te  c'ivic'ec'  too  much. 

■'.'here  the  size  of  the  central  station  does  not.rarmt  the 
installation  of  the  svitchhoarr'  on  the  engine  room  floor,  it 
must  then  te  locatec"  in  a  gallery  from  rhich  the  operf-tor  can 
observe  the  point  of  "ontrol  of  each  of  the  prlm.e  movers, and 
thus  be  in  close  touch  rith  the  engineer  for  starting, stopping, 

and  In  time  of  trouble  in  the  station.    Thi;;  arrangement 
will  call  for  the  adcition  of  a  man  for  each  shift  rhose  only 
duty  is  to  attenc^  to  the  svitchloard. 

Another  feature  that  rill  determine  the  location  of  the 
switchboard  T/ill  be  the  control  and  lnKt:m;.m,ent  rirlng.     Since 
this  should  be  as  short  as  possible  it  is  advisable  to  place 
the  s^^ltchtoard  near  the  econom.ical  center, vhere  the  cost  of 
control  leads  v-ill  not  be  great. 

in  the  Ontario  Pov:er  lo.  the  operator  is  800  feet  fromi 
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the  generators  anc^  in  s-.  separate  tul  Idling.     He  kesps  in 
touch  \^'lth  t're  engine  rooms  ty  means  of  telephone  or  telauto- 
graph, anc  he  is  not  disturtec  by  the  noise  of  the  units. 
This  of  course, maXes  his  v/orK.  easier  -'or  him.    He  has  com- 
plete control  over  the  rater-wheel  governors  and.  the  motor 
driven  rheostats  for  the  fields.    B"^'-  means  of  a  sv:itch  in 
the  generating  station  the  operator  in  the  engine  room  can 
disconnect  a  generator, hut  he  cannot  connect  a  generator  to 
the  system  since  he  has  no  control  over  the  clofang  coil  of 
the  srltch.    All  that  the  operator  in  the  generating  station 
has  to  attend  to  is  the  exciter  voltage.    Also, in  case  of 
trouble  to  an  alternator  he  is  to  open  the  first  generator 
sT7itGh.    He  keeps  the  operator  in  the  distributing  station 
informed  as  to  the  conditions  in  the  engine  room  bv  m.eans  of 
the  telautograph, Y'hich  Keeps  a  record  of  all  comjnu.nlcatlons. 
Glnce  the  board  of  the  operator  in  the  Generating  Station  is 
only  an  exciter  boa? d, it  rjll  not  be  taken  up  here. 

It  seems  in  cases  of  this  kind, that  the  placing  of  the 
operator  so  far  fromi  the  units  is  an  advantage  because  he  can 
thereby  ;"ork  to  the  best  of  his  ability;  being,  as  he  is,  In  a 
quiet  roomi.    In  this  f.-ystem.,  hov.'ever,he  should  have  an  assist- 
ant to  aid  him  in  case  he  should  have  an  accident.    Thus  an 
added  expense  is  necessary  for  attendants, but  since  these  in- 
stallations are  used  In  large  central  stations  such  an  insurance 
is  recon-imended  and  is,  after  all,onl^^  a  small  proportion  of  the 
total  operating  expenses. 
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There  are  three  generc.l  tirpes  of  piritchtoards  vhi  eh  v  e 
have  found  in  operation;  narr.el3%thc  'olaln  narhle  or  slate  board, 
the  pec'estal  and  inr;tr\iinent  "oost  arranger;ient,anc.  the  tench 
toard  arrangement.    The  kind  of  Tuat(^rial  use^'  varies  in  the 
different  t:rpes;  alyo  the  method  of  support. 

There  are  five  kinds  of  material  used;  name l'',^,  Italian 
m3.rtle,vniite  Tennessee  marble, Blue  Verr;:ont  marble, blaci;  enameled 
slate,  and  un'ool'shed  slate.    Marble  or  slate  is  used  because 
it  gives  a  satisfactory  com,tination  of  the  tro  essential 
features  of  a  s"  itehtoard;  npm.elv,goor^  dielectric  strength, 
and  strong  mechanical  support  for  instrtrjiients  and  'r'^-atohes. 

The  boarc!  is  built  up  of  slabs  about  tv'o  inches  thick  and 
is  usuall^^  seven  an^:  one  half  feet  high.    The  loY.^er  slab  is 
about  one  third  the  total  height  of  the  board, the  remaining 
tv'o  thirds  l-eing  used  for  instmjments  and  switches.    These 
slabs  are  supported  by  means  of  a  tv.'o  inch  angle  iron  or  iron 
pipe  framerork  resting  on  a  clx   inch  channel  iron.    The 
board  is  either  braced  from  the  v^all  or  the  ceiling  by  means 
of  suitable  angles  or  pipes. 

The  V'estinghouse  standS'.rd  pattern  is  Blue  Verm.ont  m.arble 
tv'o  inches  thick  and  moLinted  as  mentioned  above.    The  vidth 
of  the  panels  varies  vlth  the  number  en6   tvpe  of  Instrun^ents 
installed  thereon.     The  height  is  controlle'^  by  the  height 
at  rhioh  it  is  desired  to  riir.ce  the  inGt:-:nimentB,for  there  is 
not  enough  arjaratus  on  the  psnel  to  call  for  a,  special  riim.en- 
sion.    Kovever,it  is  found  that  rhen  the  Instruments  and 
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suitable  traokots   for  lamps  li&ve  been  loc&ted,the  board   is 
about    seven  feet    yl"   inohes   high. 

The  nuraber  of  p:inelB   in  tbe  &v-itc]nbo&T'd  -in  te   controlled 
bT'  the   nuirber  of  units, e::eiters,  &nc.  feeders.  Both  s'^^stems 

are  usee.. 

The  generator  panels    are   equipped  rith  the   in&tru:?.ents 
and  suitable    lights   for  the   reading  thereof.  The   control   for 

the  oil   sT-itch,the    indicating  lamps, voltnetcr  receptacles, 
s^Tiohiconizing  plugs,  re  lairs,  exciter  Eritch,and  field  rheostat 
haniilOjare   also  mounted   on  these  panels. 

The  feeder  panels   have   t'.-^e  feeder  instrur'ents,  the   relays, 
the  oil   f:-it?h  control,  and  indicating  lamps.  A  staticn 

panel   is   sometimes   added   and   it  usurll-"-  contains   s^.mchronizing 
app'^xratufc   for  the   duT)licate  bus  bars, the  oil  sritch  cont3:-ol 
thereof, and   the  oil   svitch   control  for  sectionalizing.  The 

controls   for  the    three   tie   svltches   shorn  in  Plate    1, Fig. 10, 
are  place^i   on  a  station  panel. 

In  the  case   of  voltages  v:o  to  2.-^00   it  has  been  fo^^nd 
that   the   oil   sv.-itches    are    if  ten  hand-operated,  and  the   handle 
projects   thru  the  panel   and  is   operated   from  the  front   of   the 
board. 

To  facilitate   instrur.ient  v. i ring  on  the  bacK  of  the    olaln 
panel  boards,  it   is   reco-:u;.end'rd   that   the  panels  be   set    a  fer 
inches   clear  of  the   iron  frs'm.erork  by  means  of  suitable   clamps. 
The  vires   can  then  pass   from  panel   to   panel  rithout  bending 
around   the   iron  v-orK.  Fither  iron  Dipe   or  angle   iron  can  be 
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usee"  for-  the  iron  frsnerorlc. 

It  has  been  found  that  rheostats  are  often  nsaiipulate'd 
"by  raeans  of  a  r:heel  place:"  on  a  pedestal  in  front  of  the  sritc 
hoard.    The  rheel  is  fastened  to  a  shaft  v'hich  '".olds  a 
sprocket,  over  v'hich  a  chain  travels  to  a  sprocket  on  the  rheo- 
stat.    This  of  course, hat  the  advantage  of  Keeping  the 
mechanism  out  of  the  rav  of  the  high  voltage  leads  or  the 
exciter  bus  car  on  the  hack  of  the  hoard.    It  therefore 
simplifies  the  eonstriiction  on  the  back  of  the  board. 

The  use  of  the  instr'ament  post  and  control  pe^'estal  is 
noted  in  several  large  central  stations, and  It  seems  to  be  a 
unJQU.e  arrangem.ent  in  that  little  marble  is  required  for  its 
construction,  there  being  onl-"-  a  small  "oanel  on  the  front  and 
top  of  the  control  pedestal.    Accordlngl"''  its  cost  is  lor. 
The  control  pedestal  stands  in  front  of  the  instrument 
post,  and  is  miac^e  of  an  Iron  fram.e  rork  vith  a  m^Ecrble  panel  in 
front, T'liich  holds  the  control  handles  for  the  sv-itohes.    In 
the  OntB-rio  Installation  the  handle  for  the  control  of  the 
excitation  ano  of  the  vater  yheel  governor  is  also  on  this 
panel.     The  synchronizing  plugs, indicating  lamps  and  dummy 
bus  are  on  this  panel. 

The  inBtmment  post  is  made  of  iron,  and  is  of  an  ornem.ental 
design.    The  instrument  vires  are  carriec!  inside  this  post. 
It  holds  the  instrurr.ents  reouired.     The  ^^^hole  arrangement 
can  be  observed  by  the  operator  as  he  stands  before  the 
pedestal.  -  __ 
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This  eov.ipin.ent  is  rnanufe.ctured  by  the  ''"'e;  tinghouse  Electric 
end  Manufacturing  Oo.  anc  represents  a  great  step  tovaro  the 
stanciarc'isatlon  of  s'-itc-htoarrl  ecmlpments.    It  it;  neat  in 
appearance,  the  apparatus  is  rell  isolated,  is  not  crorc?.ec.,  an*?, 
the  space  oceupie'''  is  not  much  greater  than  that  rcotiired  for 
the  orc'.inary  hoaj:'d  bi\<?.   its  clearance  in  tl-e  rerr. 

The  bench  toarc'  derdgne'-'^  by  the  General  Electric  Co.  is 
a  step  in  the  same  direction.    Hov'ever,the  irolation  of 
separate  units  is  not  so  gooc!.    The  in;^ truinents  are  mounted 
on  the  upper  -^art  of  a  tlaoK  r)ol1sherT  slate  panel.     The  top 
of  the  bench  is  slanted  and  the  "ontrol  hsjid.les  and  indicating 
lanps  for  the  oil  sritches  along  rith  the  du-vj-ix-  bus  are  located 
thereon.     The  operator  has  to  bend  over  to  reach  some  of  his 
control  hEuidles  and  in  (-oing  so  na'^'  come  in  contact  vdth  some 
of  the  apparstus  on  the  lorer  "oart  of  tbe  bench. 

This  latter  design  does  not  have  so  neat  an  apoearance. 
Its  straight  tlacX  polished  Slate  board  v'ith  ihe  case  r.t  the 
back  concealing  the  riring  equipment, is  used  in  the  Canadian 
"liagara  Falls  Porer  Co.,  and  is  built  in  the  center  of  a  plat- 
form,beneath  rhich  the  high  tension  cat  les  are  carried.     This 
standing  in  the  center  of  the  ro::;.  presents' a  very  neat  and 
compact  arrangement.     The  u/nper  part  of  the  front  of  xhe 
board  contains  the  -'nstn;.m.ents,rhile  the  middle  part  contains 
the  dumm^'^  bus, the  oil  sritch  control, and  the  indicating  lamps; 
gnd  the  loror  part  contains  the  relays  and  exciter  -ritches. 
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It  seer-is  from  all  -^e  have  found  in  connection  vith  svltch- 
:  oarers  that  nothing;  equ^-ls  the  st&nciarcl  of  excellence  set  forth 
in  the  7/estJnghouse  Pedestal  and  Instruinent  Post  arrangement. 
It  can  be  seen  8t  a  glance  jutt  vhJch  set  belongs  to  a  certain 
unit,  since  the  sets  stand  out  distlnctl-^  hefo""-.:-  t'"e  operator. 
This, therefore, adds  to  the  slnplicit^'  of  oper-atjon.    Also 
th£'  pedestals  ceui  te  arranged  in  r  semi-circle  rithout 
ar'-'itional  rirlng  due  to  ten^'ing  of  the  usual  tvoe  loard;  and 
furthermore  it  aids  the  operator  in  locating  the  control  for 
a  particular  machine,  and  1  icings  f-ll  ins trur.ents  vJthin  equal 
range . 

In  t^.e  Installations  at  the  Ontario  Porer  Co., the  recording 
and  Integrating  instmrnents  are  placed  on  marhle  r^anels  of  the 
usual  construction  and  located  on  the  fl^or  directl^'  teneath 
the  control  pedestal  and  lnBt:aii.ient  post  for  this  ur.lt.    Hence 
the  insl.runient  rir-ing  does  not  cross  from  the  time  it  leaves 
the  cables  on  the  first  floor  until  it  ends  at  the  instruments. 
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AUXILIAEY   T'lKING. 

The    a-uixili  ?.r-^^  viring  In   a  central   sts.tion  consists   of   tro 
classes;    ric.-.el",  Instrvirrent   vnrlng  and    control  rirlng.  The 

.formcT  clafis,of  coLirse,v,all   consist   of   alternating  current 
c1  rc-j!.its,vhlle   the   latter   In  general  rill   Include   airect 
current   circuits.  The   former, theie  fore, nust   have   special 

attention  in  rc-garrl  to   induction  ef:"eots,^"hlch  Fould   cause   an 
er7'or  in  the  meter  operation.  Since  the  r  ires  y-III  necess- 

arily be  near   the  field  of  the    ^-:igh   -potential   s^'steni  bome  means 
should  be  used  to    shield  them.  Then   in  the   case   of   the   con- 

trol  leads, ■■:  hich,  ll'Ke^/lse,  are   near  the   lielr!   of  the  main 
circuits,  the   effect   of   inrucoc   electrom.otive   forces  must  be 
elininr  tec%or  the    r'esired  effect   of  autom.atlc   operation  is 
ciisturbed. 

In   the  miring  of  rotential  transformers   the  high-tension 
leads   are   su-roo:^-teri   o:    su"^' table   Insulators   to  the  primary  of 
the  transform.ers.  The  potential   of   the   seconc-ary  side   of 

these   trajisform.ers   is  ncve-^  over  one  hunc'reo   volts,  &iid  the 
leads    are   carrieC    in   a  single   iron   conruit   of  suitable   size 
to   the   instrwri/nts   or  rela-'^'s.  This    conduit   is  usually  laid 

in  the   concrete   of   the   floor  or  carried  along  on  suitable 
hangers   to   a  roint  behind  the    sT'itchboard  panel   and  just   above 
the  floor.  The  mires    are   t"en  neatl^'  su-nportec"!   on  the  back 

of  the  smitchbocTd  and   coni-'-Cted  to   tne   proper  rr  l;^ys   or  in- 
str^jinents.  The  i-'iring  from:  the   series   transformers   is   carried 

in  simdlar  conduit    lines.  The   Iran  conduit   shou.ld   contain  all 
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toe  phases  from  es.ch   set  of  transforinerB  so  that  the  self 
inTO.etion  vill  be  elininatcd.    Of  course, trass  pipe  containing 
each  lead  coiilcl  be  used  but  the  effect  of  external  fields 
v'ould  not  rarrant  its  use;  and  further  the  cost  of  su.ch  an  In- 
st eJlation  roulr  prohibit  its  use. 

The  usual  precautions  in  fitting  up  this  iron  concuit 
should  be  observed.    The  ends  of  the  "oipe  shot;ld  be  reamed 
out  to  prevent  the  ^"Ire  from  being  scraped,  as  it  is  drnwn  in. 
Suitable  bushings  should  be  "laced  in  the  e:i6.   of  the  eondxilt 
line  so  that  there  rill  never  be  a  chance  for  the  insulation 
of  the  vire  to  become  vrorn  off  in  case  the  vire  should  h£ive 
to  be  disturbed  often. 

The  f^ontrol  leads  are  carried  from  the  oil  s-:  itch  mechanism 
vrhlch  Is  usually  on  the  top  of  the  sritch  cell  thru  Jron  conduit 
to  the  center  of  control.     The  conduit  in  t-'ls  case  is 
car^'led  in  a  m^smier  similar  to  that  m.entioned  for  the  instrumient 
rirlng. 

In  some  cases, r'-ere  the  center  of  control  is  far  from  the 
apparatus  controlled,  a  cal  le  is  used.     This  micthod  vas  adopted 
b-!-  the  Ontario  Povcr  '^o.  betreen  their  generating  and  distribut- 
ing &t<ation&,a  distance  of  800  feet.    The  -norer  house  be;^ng 
at  a  lorer  elev&tion  than  the  distril"uting  station  it  y'&s 
necessary  to  put  clamips  on  the  -^onduit  at  suitable  distances 
to  dir.inlsh  the  strain  Fhlch  rould  com.e  on  the  top  suoports 
otherv'ise.    Th.ese  clamps  are  securely  fastened  to  the  sides 
of  the  roeh  tuin^el  thru  vhich  the  conduit  passes.    At  all 
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tines  these  leads  are  Xerit   •?■,   safe  distance  iron  tiie  12000  volt 
leads  fror;i  tiie  generators,  thus  preventing  a  chance  for  short 
circuit  or  other  trouble.    V/'hen  these  cables  reach  the  control 
chanter  thev  are  placed  in  troughs,v'hieh  are  mac'e  of  channel 
irons  and  are  fillef'  -ith  sand.    The  purpose  of  the  sand  is 
to  Keep  the  trouble  in  one  set  of  cables  isolated  fron  others 
and  reduce  the  fire  rish..     The  ends  of  the  catles  of  one 
generator  are  car:^'ied  to  a  point  in  the  first  floor  telov;  the 
control  pedestal  and  Instr-unent  post  for  this  generator.    From 
here  they  i-ise  to  the  te'-'-'iriinal  Ijoprd  on  the  second  floor.    This 
terriinal  board  contains  fusses  mounted  on  the  front  for  each 
Y.lre,an6  the  overload  and  reverse  current  relays.    Fron  this 
floor  the  vir'=s  are  carried  in  Iron  conduit  to  the  next  floor 
rhere  the  recording  and  integrating  instruments  are  located. 
Passing  fron  this  floor  the  leads  go  finall^r  to  the  control 
pedestal  and  the  instrument  post  v^hlch  contains  onl-^^  the 
indicating  instruments.    On  each  of  the  panels  the  riring 
has  been  done  in  a  neat  and  svstematic  manner.    As  has  been 
mentioned  before,  sul  table  plugs  are  miOnnted  on  the  integrating 
and  recoT'dlng  instrtim.ent  panels  so  that  an^^  instiunent  can  be 
calibrated.     Iri  like  m^anner  plugs  are  provided  for  the  careful 
adjustr.ent  of  re  lavs. 
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